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PREFACE 



TO THE SECOND EDITION. 



In the present Edition I have endeavored, as fer as 
possible, to make this little work more fully adapted to 
the requirements of the general student ; and I believe 
it now leaves little to be desired as an Introductory 
Text-book of Practical Chemistry. I have also, without 
adding materially to its bulk, embodied such changes 
and corrections as have been rendered necessary by the 
progress of the science since the first edition was pub- 
lished. 

J. E. Bowman. 

King's Oollbge, London, February, 1854. 
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PREFACE 



TO THE FIRST EDITION. 



Among the many recent and valuable works on Che- 
mistry, I am not aware of one having for its special 
object to explain, and render simple to the beginner, the 
various processes employed in analysis, or which have 
been devised for the illustration of the principles of the 
Science. Most of them contain much that is superfluous 
for the general student, who has but a limited time to 
devote to the subject; while they are wanting in those 
explanatory details, without which he must often fail to 
understand the rationale of the operations through 
which he is conducted. 

It is with a wish to supply this deficiency, and at the 
same time to furnish a text-book for my own classes, 
that the present little work has been written ; and as it 
is intended for the use of those who have made but little 
progress in the Science, my endeavor has been, through 
out, to make everything as simple and intelligible as 
possible. The employment of complicated or expensive 
apparatus has been almost wholly avoided. 



Vm PBEFACE. 

The outline of most of the First Part was arranged 
some years ago by my friend Professor Miller (at that 
time Demonstrator of Chemistry in King's College), for 
the use and direction of the class of Chemical Manipu- 
lation, then first established to supply a growing de- 
mand, and to meet the requirements of the University 
of London, and some of the other examining Boards of 
the Metropolis. In the compilation of the Second and 
Third Parts, I have been much indebted to the excellent 
works of Rose, Fresenius, Parnell, and others ; I must 
also here thank my colleague, whose name I have al- 
ready mentioned, for many valuable suggestions, and for 
his kindness in revising the proof sheets, without which 
assistance many errors would have crept in, and rendered 
the book less worthy of the student's confidence. 

John E. Bowman. 

King's College, London, September, 1848. 



CONTENTS. 



PART I. 



CHAPTER I. 

IXTRODUCTORY, .... 

Importance of Experimental Chemistry, . 
Chemical Symbols and Equations, 
General Rules, &c. 



PAGB 

13 

13 
14 

19 



CHAPTER 11. 






Pneumatic Chemistry, 




24 


Section 1. Hydrogen, 


• • 


. 25 


2. Carbonic Acid, . 




27 


3. Binoxide of Nitrogen, 


• • 


. 30 


4. defiant Gas, 




31 


5. Carbonic Oxide, 


• • 


. 32 


6. Oxygen, . . . . 




34 


7. Hydrochloric Acid Gas, 


• • 


. 36 


8. Ammoniacal Gas, 




38 


CHAPTER III. 






Distillation, .... 


• • 


. 40 


Section 1. Water, . . . . 


• 


40 


2. Hydrochloric Acid, . 


• • 


. 44 


3. Ammonia, 


• 


45 


4. Nitric Acid, . 


• • 


. 4G 



X CONTENTS. 

CHAPTER IV. 

Glass Working, . . . . • i 48 

CHAPTER V. 

Experiments with the Mouth Blowpipe, . • . . .57 

CHAPTER VI. 

SpEcriPic Gravity, ...... 65 

Skction 1. Of Solids heavier than Water, . . .66 

2. Of Solids lighter than Water, ... 66 

3. Of Insoluble Powders, . . . .67 

4. Of Liquids, ..... 68 

CHAPTER VII. 

Heating Substances in Gases, . . . . • . 70 

Section 1 . Reduction of Metallic Oxides by Hydrogen, . 70 

2. Heating in an Atmosphere of Carbonic Acid, . 73 

.3. Preparation of Perchloride of Iron, . . 74 

CHAPTER Vni. 

Alkalimetry and Acidimetry, . . . . .76 

Section 1. Alkalimetry, ..... 76 

2. Acidimetry, . . . . . .79 

8. Estimation of Carbonic Acid in Carbonates, . 83 



PART 11. 

THE ACTION OF REAQENTS ON BASES AND ACIDS. 



CHAPTER I. 

Section 1. Introductory, . . . . .85 

2. Classification of Bases and Acids, . . 86 



CONTENTS. 



XI 



CHAPTER II. 



Metals beloxgixg to Cijlss I, 

Sectiox 1. Potash, . 

2. Soda, 

3. Ammouia, 



, 88 

88 
90 
91 



CHAPTER III. 




Metals beloxgixg to Class H^ . 


. 93 


Seotiox 1. Magnesia, .... 


94 


2. Lime, .... 


. 9(> 


3. Baryta, ..... 


98 


4. Strontia, .... 


. 100 


CHAPTER IV. 




Metals belongikg to Class Itl, 


101 


Section 1. Alumina, .... 


. 102 


2. Chromium, .... 


103 


3. Oxide of Zinc, 


. 104 


4. Protoxide of Manganese, 


106 


5. Protoxide of Iron, . 


. 107 


6. Peroxide of Iron, 


108 


7- Oxide of Nickel, . . * . 


. 110 


8- Oxide of Cobalt, .... 


112 


CHAPTER V. 





Metals beloxgixg to Class IV, . 

Sgctigx 1. Arsenic, . 

2. Antimony, 

3. Protoxide of Mercury, 

4. Peroxide of Mercury, 

5. Oxide of Lead, . 

6. Oxide of Copper, 

7. Oxide of Silver, 

8. Protoxide of Tin, 

9. Peroxide of Tin, 

10. Oxide of Bismuth^ . 



. 113 

114 

. 123 

125 
. 127 

128 
. 130 

132 
. 133 

134 
. 1.S5 



XII CONTENTS. 




CHAPTER Vf. 




Inorganic Acids, 




rsG 


Section L Sulphuric Acid, 




. 137 


2. Phosphoric Acid, 




. 138 


3. Boracic Acid, 




. 140 


4. Carbonic Acid, . 




140 


5. Silicic Acid, 


, , 


. 142 


6. Hydrochloric Acid, 




143 


7. Hydriodic Acid, 




. 144 


8. Hydrosulphnric Acid, 




145 


9. Nitric Acid, . 




. 147 


10. Chloric Acid, . 




148 



CHAPTER VII. 



Organic Acids, 




• • 


• 


. MD 


Section 1. Oxalic Acid, 


. 


• * 


» 


150 


2. Tartaric Acid, 




■ . • 


• 


. 151 


3. Citric Acid, 


. 


. » 


• 


153 


4. Malic Aeid, . 




• • 


. 


. 154 


5. Succinic Acid, 


. 


• • 


• 


155 


6. Benzoic Acid, 




. "^ • 


1 . 


. 155 


7. Acetic Acid, 


. 


• • 


• 


156 


8, Formic Acid, 




. • 


. 


. 157 


PART 


III. 







QUALITATIVE ANALYSIS OF SUBSTANCES, THE COMPOSITION 

OF WHICH IS UNKNOWN. 



CHAPTER I. 

Preliminary Examination, &c. .... 

Section 1. Preliminary Exanoination of Solids, 

2. Preliminary Examination of Liquids, 

3. Introductory Remarks on the actual Analysis, 



150 

160 
105 
167 



CONTENTS. xm 



CHAPTER II. 

QUALITATIYE ANALYSIS OF A SIMPLE SaLT, WHICH IS SOLUBLE IN 

Water, . ^ . . . . . 168 

Section 1. Examination for Base, . . . .168 

2. Examination for Acid, . . . .173 

CHAPTER III. 

Qualitative Analysis of a simple Salt, which is insoluble 

IN Water, but soluble in Acids, . . . 176 

Section 1. Examination for Base, .... 176 

2. Examination for Acid, . . . .179 

CHAPTER IV. 

Qualitative Analysis of a simple Salt, which is insoluble 

both in Water and Acids, . . . .181 

CHAPTER V. 

Qualitative Analysis of a Mixture of two or more Salts, 
which may contain all the Bases and Acids in the 
List. Introductory Remarks, • . . 183 

CHAPTER VI. 

Qualitative Analysis of a Mixture of Salts, soluble in 

Water, ...... 185 

Section 1. Examination for Bases, . . . .185 

2. Examination for Acids, . . ... 194 

CHAPTER VII. 

Qualitative Analysis of a Mixture of Salts, insoluble in 

Water, but soluble in Acids, . . . .197 

Section!. Examination for Bases, . . . . 197 

2. Examination for Acids, .... 20() 

1 A 



XIV CONTBNTS. 



CHAPTER VIII. 

Qualitative Analysis op a Mixture of Salts, lysoLUBLE ik 

Water and Acids, ..... 202 



PART IV. 

QUANTITATIVE ANALYSIS. 
Introductory Remarks, ...... 203 

CHAPTER I. 

Operations in Analysis, ..... 204 

Pulverization, ....... 204 

Drying, ....... 204 

Weighing, ....... 205 

Solution, ....... 206 

Precipitation, ....... 207 

Filtration, . . . . . . .208 

Decantation, . . . . • . .212 

Evaporation, . . . . . . .213 

Ignition, • . . . . . . . 215 

Calculation of Results, . . . • . 218 

CHAPTER II. 

Examples of Quantitative Analysis, . . . .218 

Section 1. Quantitative Analysis of Sulphate of Copper, . 219 

2. Quantitative Analysis of Chloride of Potassium, . 220 

3. Quantitative Analysis of a Mixture of Sulphate of 

Copper and Chloride of Sodium, . . 222 

4. Quantitative Analysis of a Mixture of Sulphate of 

Zinc and Carbonate of Baryta, . . . 224 

5. Quantitative Analysis of Magnesian Limestone, . 226 

6. Quantitative Analysis of Copper Pyrites, . . 229 



OOMTBNTB. XV 

PART V. 

CHAPTER I. 

REAOENTa,. . . ..... 233 

Sulphuric Acid, 234 

Hydrochloric Acid, 235 

Nitric Acid, ....... 233 

Nitrohjdrochloric Acid (Aqua Regia), .... 236 

Hjdrosulphuric Acid, 23G 

Oxalic Acid, 238 

Acetic Acid, 239 

Tartaric Add, . . . . . . .239 

Ammonia, 240 

Hydroaulphatc of Ammonia 240 

Carbonate of Ammonia, ..... 241 

Oxalate of Ammonia, ...... 241 

Phosptiate of Soda and Ammonia, .... 241 

Potash, 243 

Carbonate of Potash, ...... 243 

Nitrate of PoUah, .243 

Iodide of PotnBsiura, . ..... 244 

Chromate of Potash, 244 

Cyanide of Potasslom, ..... 245 

Ferrocyanide of Potaaaium, ..... 245 

fcrridcyanide ufPotasaiimi, . . . . 245 

Antimonmlo of Potash 245 

Carbonate of Soda, 246 

Phosphate of Soda 246 

Borax, 246 

Lime Water, 247 

Sulphate of Lime, 247 

Chloride of Calcium, 247 

Chloride of Barium, ...... 248 

Nitrate of Baryta, 248 

Perchlorideoflron, 248 

Nitrate of Cobalt, 249 

Sulphate of Copper, 249 

Acetate of Lead , .,....■ 249 

SubacetateofLead, .249 

Nitrate of Sliver, ... .... 250 

AmmoDio-nitrate of Silver 260 

Perehloride of Mercury, ....■■ 250 



XVI 



CONTENTS. 



Protochloride of Tin, . 
Perchloride of Gold, 
Bichloride of Platinum, 
Sulphate of Indigo, 
Starch, 
Black Flux, 
Distilled Water, 
Alcohol, . 



250 
. 251 

261 
. 251 

251 
. 251 

252 
. 252 



APPENDIX. 

Weights and Measures, ..... 253 

Troy or Apothecaries' Weight, ..... 253 

Avoirdupois Weight, . . . . . 253 

Imperial Measure, ...... 253 

Weight of Water contained in the Imperial Measure, . 253 

Cubic inches contained in the Imperial Measure, . . 254 

French Weights and Measures, .... 254 

Measures of Length, ...... 254 

Measures of Capacity, ..... 254 

Measures of Weight, . . . . .254 

Table showing the strength of Sulphuric Acids of different densities, 255 

Table showing the strength of Nitric Acids of different densities, . 256 

Table showing the strength of Hydrochloric Acid of different densi- 

lies, ........ *t'o t 

Table showing the strength of Solution of Potash of different densi- 

lies, • . . . '. . . . *tij<j 

Table showing the strength of Solution of Soda of different densi- 

XI 68, . . . . . . . .^0«7 

Table showing the strength of Liquid Ammonia of different densi- 



260 
260 
262 
263 
264 



Table showing the strength of Alcohol of different densities, . 

Table showing the strength of Ether of different densities, . 

Table showing the Solubility of Salts, .... 

Table showing the action of Reagents on Oxides and Acids, 

Table showing the behavior of Solutions of the Metals with Hydro- 
sulphuric Acid, Hydrosulphate of Ammonia, and Carbonate of 
Ammonia, ....... 267 

List of Salts, &c., which may be examined for practice in Qualita- 
tive Analysis, . . . . . . 277 

Glossary of Chemical Terms, . . . . .279 

Index, ........ 287 



PRACTICAL CHEMISTRY. 



PART I. 



CHAPTER I. 

INTRODUCTORY — SYMBOLS — EQUATIONS — GENERAL RULES. 

1.. So essentially is chemistry an experimental science, 
and so almost exclusively is it built up of facts which 
have been elucidated by experiment, that without ex- 
perimental illustrations it would be quite impossible to 
teach or to study it with any great amount of success. 
It is not enouffh, however, for the student to see ex- 
periments performed by others ; he must, if he would 
master even the general principles of chemistry, learn 
to make experiments himself; and he will, probably, be 
surprised how much more easily he will retain in his 
recollection those phenomena (as well as the principles 
they illustrate) which his own hands have been the 
means of producing. This is especially the case when 
he is enabled, while operating in the laboratory, to learn 
and study the theory of the changes which take place 
under his direction. 

2. With the view of enabling the beginner to do this 
as much as possible, I have in the following pages ex- 
plained, by means of chemical symbols and equations, 
nearly the whole of the changes and decoinpositions 
which take place in the experiments described. The 
symbols which I have made use of are those now almost 
universally adopted by chemists ; and it will be seen by 
the following Table, that they consist, for the most part, 
of the first letter or two letters of the Latin names of the 
elements which they express. 
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aYMBOLP ANP EQUIVALENTS. 



SIiMe of Elementary Siihslancet (arranged alpkabeticaUy), thawing 
lAeir ai/mhoU, atomic weiijMt, and the composition of some of their 
compounds. 

. . , I AKmite 
Sjmbiil. w.lght. 



Arsenic, . 
Barium, . 
Bismuth, . 

Bromine, . 
Cadmium, 
Cslcinm, . 
Carbon, . 
Cerinm, . 
Chlorine, . 
Chromium, , 
Cobalt, . 

Copper, . 

(Cuprum.) 



f A\,0, Alumina. 

i AI]CI] Chloride of aluminum. 

[ Al,0j,3S0i Sulphate of lUuii.in 

(SbO, OxidunfanlLmony. 

\ SbO. Antimi 

(SbOj Anlim. 

IAaO, AraenLouaacid. 
AsOt Ataenic acid. 



Bi.O, Oxide of bismuth. 
BiA.3N0j Nitrate ofbismut 
_Bi^Cis Chloride of hiamoth. 
BO, Boracic acid. 



fCdO Oside of cadmium. 
|Cd3 Solphide of cadmium. 
( CaO Lime, 
t CaCl (%loride of calcium. 

(CO Carbonic oxide. 

i CO, Carbonic acid. 

( OS, Sulphide of carbon. 

fCeO Oxide of cerium. 

I Ce,0) Sesqnioxide of ceriaro. 

(ClOt Chloric acid. 

1 ClOi Perchloric acid. 

(HCl Hydrochloric aoid. 

f CrO, Chromic acid 

i Cr/Jj Oxide of chromium, 

tCr,0„3S0,Su!phateofehroraiu 

f CoO O.-iidc of cobalt. 

I Co,0| Sesijuioxide of cobalt 

( CujO Suboxide of copper. 

< CiiO Black oxide of copper. 

( Cu0,S0i Sulphate of copper. 



SYMBOLS AND SQVIV AhBHTB. 



Didjmium, . 

Fluorine, . 



Gold, . 

(Aurum.) 

HydrofjeD, 



LaDth&uum, 



Lithium, . 
MagneuQtn, . 



Holfbden 
Nickel, 



f GO, Glucina. 

I QC1( Chloride of glncinnm. 

(AnO Oxide flf gold. 

J AuO, Teroxideof gold, 

( AuC), Terchloride of gold. 

iJIO(orAq) Water. 

I HO., Biuoxidc of hjdrogeD, 

f lOj Iodic acid. 

I HI Hvdriodicacid. 

fIrO I'rotoxide of iridiuro. 

I lr,0) Sesqnioxide of iron. 

(FeO Protoxide of iron. 
FejOj Sesquioxicie ol'iran. 
LnO Oxide of lanthantini. 
fPbO Protoxide of lead. 
■^PbjO, Red oxide of lead. 
(PbCl Chloride of lead. 



J MgO Magnesia. 

|Mg01 Chforide of magDeaium. 

fHnO Prot4)xide of m 
MnO, Binozide < 
MnOj Mnnganie 
Mii,0, Permnngatiie acia. 
f HgO Protoxide of mercury. 
J HgO, Ked oxide of mereniy. 
I HgCl Protochloride of mercury. 
L HgCIj Perchloride of mercary. 
MoU] Moljbdic acid. 
f NiO Oxide of nickel. 
\ NijOj Seaquioxide of nickel. 

!N0, Nitric acid. 
NO, Binoiide of nitrogen. 
NH, Ammonia. 



SYMBOLS AND EQUIVALENTS. 



Hun.. 


Simbol. 


w^gh'r. 


■ ContiaBDda. 


Oamiam, . . . 
OijgeD, . . . 
PaUadiam, . . 


Ob 

Pd 


99 
8 

64 


( OaOj Osmic acid. 
jOsO, BiDoxide of osmium. 

( PdO Protoxide orpalladitim. 
i PdO, Peroxide of paTladium. 


Fbospbonis, . . 
Platinam, . . 


P 

Pt 


32 

99 


f PO, Phosphoric acid. 
J PO, PbosphorouB acid. 
(FH, P h OS phu retted hjdrogeu. 
( PtO Protoxide of platiumn. 


(Kalium.) 


K 
B 


40 

32 


1 KO Potash. 

j BO Proto-tiiie ofrliodium. 
(B,0, Sesqiiioxide of rhodium. 


Rutheninm, . . 


Bu 


52 


R"jOj Se3i[i.ioside of ruthenium. 




Se 


40 


j SeO, Selenic acid. 

t HSe HjdroBoIenic acid. 


Silicon, . . . 


Si 


22 


SiO, Silicic acid. 


Silver,. . . . 

(Argentum.) 


Ag 


108 


j Ago Oxide of siUer. 
(AgCl Chloride of silver. 


Strontium, . . 


Na 


24 


1 NaO Soda. 

1 NaCl Chloride of sodium. 


Se 


44 


( StO Strootia. 

( SrCl Chloride of strontiom. 


Sulphur, . . . 


S 


16 


(80, Sulphuric acid. 


(or Columbium.) 
Telluriam, . . 


Ta 
Te 


185 
64 


f TaO, Osiide of tanlalium. 
iTeO, Tantalicacid. 
f TeO, Telluric acid. 

i HT Hydrotelluric acid. 


Thorium, . . . 


Th 


60 


(TbO Onde of thorium. 
1 ThCl Chloride of thorium. 


(Stannnm.)' 
Titanium, . . 


Sd 


69 


(SnO Protoxide of tin. 
(SuO, Peroxide of tin. 


Ti 


24 


( TiO Titanic acid. 


"vfolW)" 


w 


96 


WO, Tungstic acid. 



SYMBOLS. 
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Nune. 


Symtwl. 


Atomic 
Weight 


Compou&df. 


Uranium, . . 
Vanadium, . . 
Yttrium, . . . 

Zinc, .... 

Zirconium, . . 


U 
V 
Y 

Zn 

Zr 


60 
69 
32 

82 

34 


f UO Protoxide of uranium. 
(U,0, Sesquioxide of uranium. 

VOj Vanadic acid. 

YO Yttria. 

YCl Chloride of yttrium. 

( ZnO Oxide of zinc. 
( ZnCl Chloride of zinc. 

( ZrjOj Zirconia. 

\ ZrCls Chloride of zirconium. 



8. Each of these symbols expresses one equivalent or 
atom of the substance which it represents. Thus, H 
stands for one atom or equivalent of hydrogen ; Cu for 
an equivalent of copper ; JHg for one of mercunr. 

When a small figure is placed to the right of a sym- 
bol, rather below Sie line, it means that there is that 
number of equivalents of the substance present. Thus, 
Pbj means two equivalents of lead ; O5 five equivalents 
of oxygen ; h^q ten equivalents of hydrogen. 

Two or more symbols placed together, signify that 
the elements which theyrepresent are chemically united 
in the closest manner. Thus ffO stands for water, which 
is a compound of one equivalent of hydrogen, and one 
of oxygen ; SO3 represents anhjrdrous sulphuric acid, 
composed of one equivalent ot sulphur and three of 
oxygen ; CijHigOio represents starch, which consists of 
12 equivalents of carbon, 10 of hydrogen, and 10 of 
oxygen, chemically combined together. 

When symbols are separated by a comma, theyrepre- 
sent compounds which are held together by a force less 
strong than that which unites elements that have no 
such mark interposed. Thus KOjSOj means sulphate 
of potash, composed of potash and sulphuric acid. The 
constituents of sulphate of potash, therefore, are both 
compounds, and the aflinity which unites the potassium 
with the oxygen, and the sulphur with the three equi- 
valents of the same element, is supposed to be stronger 
than that which unites the acid with the base, since it 

2* 



18 SYMBOLS. 

is easier to break it up into potash and sulphuric acid, 
than into potassium, oxygen, and sulphur. 

When the sign + is interposed, it indicates that the 
substances between which it is placed are united in a 
manner still less intttnate. Thus, in crystallized car- 
bonate of soda (NaO,CO2+10 Aq), we have sodium and 
oxyffen in the soda, and carbon and oxygen in the car- 
bonic acid, combined in the closest and strongest 
manner ; the soda and carbonic acid thus formed are 
separated by a comma, showing that they are held to- 
gether by what we may here call the second degree of 
affinity; while the 10 equivalents of water of crystalliza- 
tion, separated by the sign +, are held by a much 
weaker force, so feeble indeed that a very moaerate heat 
is sufficient to expel them. 

The sign + is used also to separate the symbols of 
substances which are entirely disunited, as when we 
wish to express a mixture of carbonate of lime and hy- 
drochloric acid, we put it thus, CaOjCOj+jETCT. 

A large fiffure placed immediately before a symbol, 
multiplies all the symbols as far as the next comma or 
+ sign. Thus, in the common phosphate of soda 
(2N'aO,HO,P05) there are two equivalents of soda, one 
of water and one of phosphoric acid, combined together. 
If a larffe figure were placed before the whole formula 
enclosed in brackets, thus, 6(2NaO,HO,P05) it would 
represent 5 equivalents of the entire salt. 

4. It is reallv wonderful how much these little sym- 
bols are capable of expressing, and how often and com- 
pletely they assist in simplifying and rendering intel- 
ligible even the most complicated chemical changes; 
for besides the information they convey relative to the 
composition of the substances which they express, they 
can be so combined in the form of equations, as to show 
in the most perfect manner, the various compounds 
which result during chemical decompositions. For this 
purpose, the symbols of the substances employed are 
placed together so as to form one side of the equation ; 
on the other side are placed those of the substances 
which are produced during the decomposition ; and as 
no atom of matter is lost during these transformations, 
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it necessarily follows that the value of hoth sides of the 
equation must be equal. For example, the decomposi- 
tion of carbonate of lime by hydrochloric acid may be 
thus represented : — 

£&OfiO^+HCl^CaCl+HO+CO^. 

Here we place the symbols of carbonate of lime and 
hydrochloric acid on one side, and on the other those 
of chloride of calcium, water, and carbonic acid, which 
are produced during the decomposition ; and it will be 
observed that on each side there are exactly the same 
number of equivalents, viz. 1 of calcium, 3 of oxygen, 
1 of carbon, 1 of hydrogen, and 1 of chlorine. 

6. I have ventured to introduce a slight modification 
of the usual mode of printing the symbols, which will 
enable the student to see at a glance whether the sub- 
stances expressed are in the solid, liquid, or gaseous 
form. 

Those in the solid state are printed in strong Roman 
type, as Pb, lead. Li(]^uids, or substances in solution, 
are printed in strong italics, as jETO, water ; and gases 
or vapors are represented by fine hair letters, as H hy- 
drogen, HO, steam. 

Thus in the above equation, liquid hydrochloric acid 
(ffCl) is poured on solid carbonate of lime (CaO,C02) ; 
chloride of calcium ((7a (7?) is formed, which remains in 
solution, together with carbonic acid (CO ) which passes 
off in the gaseous form. 

6. It is very important that the student should at 
once begin to make careful notes of all the experiments 
he engages in. He should endeavor to do this in as 
concise and methodical a manner as possible, and he 
will find it very advantageous to make use of symbols 
in describing the substances he employs, and the 
changes which they undergo : he will thus be able to 
record much in a small space, and at the same time he 
will be making himself familiar with the composition 
of the substances with which he is experimenting. 

7. When, as is often the case, especially in analytical 
experiments, there are several solutions and precipitates 
either filtering, digesting, or waiting till the operator 
has leisure to attend to them, it is necessary to mark 
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them in some way, to prevent confusion. This is easily 
done with small pieces of gummed paper, on which a 
letter or number may be written, corresponding with a 
similar reference mark in the note-book. 

8. The student will soon learn by experience that he 
cannot be too methodical in his operations, or too care- 
ful in cultivating habits of neatness and cleanliness. 
The presence of a little saline or other impurity in a 
glass, owing to careless washing, or^a little extraneous 
matter having been allowed to find its way into a bottle 
or test tube, may retard or spoil the result of whole 
days of labor. 

" Much as the chemist may soil his finders durinff his 
experimental occupations, d will soon fearn the freat 
importance of cleanliness to the success of his experi- 
ments. The regular course of his operations causes 
many kirjds of matter to pass in succession through his 
hands ; and many of the substances, which by mixture 
have exhibited the phenomena they were competent to 
occasion, and so far answered the purpose of the experi- 
ment, then become mere useless dirt. Their dismissal 
and entire removal when thus circumstanced become 
necessary, that they may not contaminate other bodies ; 
and are as imperatively required, as was the care previ- 
ously bestowed to prevent their contamination from ex- 
traneous matter. 

"It is this rapid change in the character and relation 
of the substances with which the chemist works, that 
makes a constant attention to cleanliness essentially 
necessary. The very bodies which at one moment are 
carefully retained in vessels that have previously been 
cleansed with the most scrupulous attention, become 
the next in the situation of so much dirt, from which 
the vessel must be cleansed as perfectly and carefully, 
before they can be fit for another experiment, as they 
were for the reception of the now rejected matter. The 
results of numerous experiments relative to testing 
bodies in solution by reagents, are in many cases de- 
pendent on the employing of clean vessels. For in- 
stance, a portion of water examined in glasses which 
have been carelessly washed, may occasion a slight pre- 
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cipitate with nitrate of silver or chloride of barium, and 
thus seem to contain a chloride or a sulphate (403, 429), 
when the cause of the precipitate maybe nothing more 
than portions of salts adhering to the vessel. 

" In the same manner the purity of an acid or a test, 
is not unfrequently affected by the state of the bottle 
containing it, or by the dirty condition of glass rods 
dipped into it, or of the funnels through which it has 
been poured or filtered, or of the vessels used in its 
transference ; and sometimes it is contaminated by laying 
the stopper of the bottle containing it in a dirty place. 
Nor is it only that kind of dirt or impurity which gives 
an evident tinge to what it adheres to, that is to be 
avoided, but also numerous colorless substances, as 
salts, solutions, &c. ; and in a word, anything which 
differs from the principal substance'itself, and is at the 
same time liable to be dissolved or mixed with it. 

"In consequence of these liabilities, and their inter- 
ference with experiments, it should be established as a 
general rule in the laboratory, that no apparatus, nor any 
vessel (except such as may be destined to a particular 
use, and is as convenient when with a little previously 
adhering matter as if it were clean), be put away in a 
dirty state. All vessels or instruments when resorted 
to, should be found fit for the nicest experiment to which 
they arei applicable. Glass rods or stirrers should be 
preserved m a clean place ; glasses, on a clean shelf; 
and stoppers, when taken out of bottles, should be laid 
upon clean surfaces. These attentions and regulations 
will be found always useful, at times essential ; and they 
are generally more requisite and influential in minute 
chemistry, than in large experiments.'*' 

9. It is easy to clean even the dirtiest vessel, provided 
it has not been allowed to remain long with the im- 
purities adhering to it; this, indeed, should never be 
permitted, and is readily avoided by making it a rule 
never to leave work for the day until the whole of the 
soiled apparatus has been thoroughly washed, and left 
to drain during the night, ready for wiping the next 
morning. For most purposes of cleaning, water will 

' Faraday's Chemical Manipulation, p. 523. 
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be found sufficient, especially when the dirt it still moist ; 
and when mere rinsing does not remove it, gentle friction 
with moist tow and coal ashes, will, in most cases, prove 
effectual. When the form of the vessel to be cleaned is 
such as will not allow the introduction of the hand (as 
flasks, test-tubes, &c.), a piece of stick or wire, having a 
little tow wrapped round the end, will be found very 
convenient. Glasses or basins that have been set aside 
to drain, should, before using, be wiped with a dry clean 
cloth, to remove any adhering particles of dust or mois- 
ture. Bottles or flasks, when required to be perfectly 
dry inside, may, after most of the water has been re- 
moved, be easily dried by warming them gently, and 
blowing air into them through a glass tube, either with 
the belfows or from the lungs ; in this way the water is 
converted into vapor, which is quickly removed by the 
current of comparatively dry air. 

When a glass or dish is greasy, it should be first 
wiped as clean as possible wim tow or a dry cloth, then 
moistened with a little strong potash, and, lastly, well 
washed and rinsed with water. When the dirt to be 
removed is resinous also, or tarry, the application of 
strong potash or sulphuric acid will generally act upon 
it in such a way, that subsequent washing with water, 
together with gentle friction with coal ashes, will render 
it quite clean. It often happens, especially when a glass 
has been allowed to dry in a dirty state, that an insoluble 
crust is formed on the surface, which is very difficult of 
removal by mechanical means, but readily yields on the 
application of a few drops of hydrochloric or some oth«r 
acid. An instance of this is afforded by solutions of 
lime, which, on exposure to the air, frequently deposit 
a crystalline sediment of carbonate of lime, which ad- 
heres strongly to the glass, but instantly dissolves on 
the addition of the acid. 

10. When thrown upon his own resources, the student 
will often find it of the utmost value to be able to sub- 
stitute, in defeult of more perfect apparatus, the com- 
mon things used in domestic life, which are to be found 
in every house, such as glasses, plates, cups, saucepans, 
&c. When in addition to these he has at his command 
a blowpipe, a small piece of platinum foil and wire, a 
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flask or two, a funnel, and a little glass tubing of dif- 
ferent sizes, lie will, with the exercise of a little ingenu- 
ity and contrivance, be able to so through a very con- 
siderable course of experimental chemistry. He may 
rest assured that it is no disadvantage, but rather the 
contrary, to be thus compelled to devise and construct 
for himself rude and extemporaneous forms of appara- 
tus; and if he should require encouragement to per- 
severe in spite of the scantiness of his resources, he 
need only be reminded that the majority of those whose 
names snine brightest in the annals of science, have 
laid the groundwork of their future eminence while 
placed under the most unfavorable circumstances. So 
it was with the great Davy;* so with Dalton, with 
Scheele, Faraday, Dumas, Liebig, and may others al- 
most equally illustrious. 

" Habits of correct and delicate manipulation very 
much facilitate experimental inquiries at all times. It 
is not in difficult researches only that it is desirable, but 
even in such common operations as testing for lime, or 
iron, or sulphuric acid, its advantages become manifest ; 
for either time is shortened, or the apparatus considered 
as necessary is diminished, or effectual substitution is 
made for those that may be wanting, and thus the ex- 
periment becomes easy, where otherwise it would be 
considered impossible. Besides facilitating such in- 
quiries, it also diminishes the expense both in materials 
and apparatus, and it produces beneficial habits in the 
mind, by exercising it both in invention and percep- 
tion even in this subordinate part of its operations. 
* Nothing,' as Dr. Johnson observes, *is to be considered 
as a trifle, by which the mind is inured to caution, fore- 
sight, and circumspection. The same skill, and often 
the same degree of skill, is exerted in great and little 
things.' "^ 

' " His means, of course, were very limited ; not more extensive than 
those with which Priestley and Scheele began their labors in the same 
6^itfiil field. His apparatus, I believe, consisted chiefly of phials, wine- 
glasses, and tea-cups, tobacco-pipes, and earthen crucibles ; and his ma- 
terials were chiefly the mineral acids and the alkalies, and some other 
articles which are in common use in medicine."— it/c of Sir H. Davy, 
by John Davy, M.D., vol. i, p. 43. 

* F'araday, op. cit. p. vi. 
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CHAPTER n. 

PHEDMATIC CHEMISTEY. 

11. The gas-holder used in the followiDg experi- 
menta, which bears the name of its inventor, Mr. Pepys, 
consiBta of an upright hollow box a, neually made of 




ziuc or copper, connected by means of two tubes 6 and 
c, with a shallow pau d placed above it. The tubes are 
open at both ends, the longer one c reaching to within 
about half an inch of the bottom. The external glass 
tube/ shows the height at which the liquid stanaa in 
the vessel. The lateral opening e is closed by a screw- 
cap before filling the vessel with water ; the stopcoke b 
and c are then opened, and water poured into the upper 
pan, when it passes down the tube c, the air escapmg 
up the other tube, until it is full, when no more bub- 
bles of air will rise fixim the tube b. 

When the gas-holder is filled with water, the stop- 
cocks b and c are to be closed, and the screw-cap may be 



PREPARATION OP HTDROGEN. 25 

removed from e without danger of the water rushing 
out, since it is kept in by the pressure of the external at- 
mosphere ; but care must be taken not to remove the 
screw-cap while either of the stopcocks is open, as the 
water would rush out with great force. The beak of 
the retort may then be introduced, as shown, in the 
figure, when the gas will rise in bubbles through the 
water, which 'is gradually 4iBplaced, and flows out 
through the aperture «.* 

SECTION I. 
Preparation of Hydrogen (H).» 

12. Weigh 800 grains of granulated zinc, and intro- 
duce the fiagments carefully through the tubulure of 
the retort, sliding them, not 
dropping them in, to avoid the '^ ^ 

risk of breaking the bottom of 
the retort, which is usually of 
thin glass, and consequently 
seldom strong enough to bear 
a blow without injury. 

Pour upon the metal four 
fluid ounces of dilute sulphuric 
acid, consisting of one part by 
measure of oil of vitriol {HO^SO^^ and five parts of 
water. 

Effervescence immediately commences, owing to the 
rapid evolution of the gas, the first portions of which, 
being mixed with the common air previously in the re- 
tort, may be collected separately in a small jar over the 
pneumatic trough, and afterwards rejected. 

The nature ot the decomposition that takes place may 
be seen in the following equation : 

' In the absence of a gas-holder, the gases may be collected in jars 
over the pneumatic trou^ (see par. 18). 

• The specific gravity of hydrogen is lower than that of any other 
fcMrm of ponderable matter, being only 0*069, that of common air being 
considered 1*000. 100 cubic inches weigh, at the ordinary tempera- 
ture and pressure of the air, 2*138 grains, while the same quantity of 
common air weighs 31*00 grains. The atomic weight of hydro^n is 1, 
and its combining volume 1. 

3 




•2Q 



P R K P A H A T 1 X OF tl Y I) R 



Zn + HO,SOt=ZnO,SO,+lL 

The beak of the retort may now be inserted into the 

lateral aperture of the gas-holder, which should have 

been previously placed over the pneumatic trough so 

as to catch the water as it is displaced by the gas 



"hen the effervescence subsides, and sufficient gas ia 
collected, remove tlie gas-holder from the trough, aod 
proceed with the following experiments. 




13. Place an inverted jar filled with water, over the 
tube h (Fig. 1), and open both the Btopcocks; the gas 
will immediately be forced up- 
wards into the jarbythe pres- 
sure of the water in the pan 
and in the tube c : close the 
bottom of the jar with a plate 
of glass, and remove it t» the 
pneumatic trough. Decant a 
portion of this ^as to a smaller 
jar (Fig. 3), and test its inflam- 
mability with a taper. Ob- 
serve the deposit of dew in the iaside of the jar after 
the combustion, which ia the water formed by the com- 
bination of the hydrogen with oxygen. H + 0=SO, 
_ 14. Fill a small jar with the gas, and having removed 
itfrom the gas-holder, let it stand for a few seconds 
with its open end upwards. If a lighted taper be now 
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applied, no combustion will ensue, aa the hydrogen will 
have escaped upwards, on account of its very low speci- 
fic gravity. 

15. Repeat the last experiment, holding the jar with 
the open end downward. On applying alighted taper, 
a slight explosion will take place, showing that the hy- 
drogen had not escaped as before. 

16. Transfer some of the gas from a large jar to a 
small one, and from this 

again to tubes, until it can 
be done without allowing 
any bubbles to escape, 
"Wnen the gas ia to be de- 
canted into a jar or tube 
which is much narrower, 
it may be first transferred 
into a lipped glass ; or an 
inverted funnel may be 
need, as shown in Fig. 5. 

17. Transfer a little of the hydrogen in this way into a 
graduated tube, and mix it with varying but definite por- 
tions of common air; then ascertain by experiment 
what proportions detonate most loudly when a lighted 
taper is applied. The jars used for these experiments 
should be small and strong, to avoid risk of fracture by 
the force of the explosion, 

SECTION 11. 
Prq>arationi of Carbonic Aetd (COj).' 

18. Afl this gas is to a considerable extent soluble in 
water, it ia better in its preparation not to use the gas- 
holder, on account of the large quanity of water it would 
then have to pa^s through, out to collect it at once in 
jars over the pneumatic trough. (Fig. 6.) 

19. Put 300 grains of marble (CaOjCO^) broken into 
fragments about the size of a pea, into a retort, observ- 
ing the same precautions aa were recommended in the 

' The specific gratitf of carbonic acid is 1-524 (air being I-O), 100 
cubic inches weighing 47*26 graioa. Its atomic weight is 22 ; and iU 
combiaing volotne 1. At a tempemture of 60° water di&aolves sbont 
its own bulk of carbonic arid. 
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preparation of hydroffen (12). Measure out an ounce 
and a half of hydrochToric acid {HOl)y dilute it with an 
equal quantity of water, and pour the mixture upon the 
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Pneumatic Trough. 

marble. The gas is immediately given off, causing 
brisk effervescence, and it may be collected in jars 
placed on the shelf of the pneumatic trough, the first 
jarful being rejected as impure. 

20. Introduce a lighted taper into a small jar of the 
gas held with its open end upwards. It is instantly ex- 
tinguished ; and as the carbonic acid remains some time 
in the jar, on account of its high specific gravity, the 
taper may be extinguished repeatedly in the same jarful 
of gas. 

21. Pour a little lime-water [CaO) into a test glass 

and thence into a jar filled 
with the gas, closing the 
mouth of the jar with a 

S^ass plate, and agitating 
e gas and liquid together. 
The lime-water almost im- 
mediately becomes milky, 
owing to the formation of 
carbonate of lime(CaO,COj) 
which is insoluble in water. 
If a few drops of hydro- 
chloric acid {not) be added, 
the carbonate of lime is de- 



Fig. 7. 
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composed, and the milkiness disappears, chloride of 
calcium being formed, which is soluble in water. 

(CaO,C02+ WC7=C« C7-f JJO+ CO,). 

22. Having filled a jar with the gas, pour it like water 
into another jar somewhat 

smaller (Fig. 8) ; this is easily ^**' ^ 

effected, owing to the high 
specific gravity of carbonic 
acid. Test ite presence in 
both jars with lime-water (21), 
and by its power of extin- 
guishing a taper (20). 

23. The high specific gra- 
vity of carbonic acid, and its 
power of extinguishing flame, 
may be strikingly shown by 

pourinff it from a jar upon a lighted candle, which is 
instantly put out. 

24. By means of a naiTow tube open at both ends, 






fill a jar over the pneumatic trough, with air from the 
lungs. Test it witli a lighted taper, and observe that it 
causes an abundant precipitate in lime-water, owing to 
the presence of carbonic acid (21). 

25. Invert a jar filled with common air over a lighted 
taper fioating on the water of the pneumatic trough 
(Fig. 10) ; observe that it soon burns dim, and is shortly 

extinguished, the water at the same time slowly rising 

3* 
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Fig. 10. 




in the jar. The absorption of air is 
here owing to the disappearance of 
the atmospheric oxygen, which com- 
bines with the hydrogen and carbon 
of the burning wax. Nearly one-fifth 
of the air is thus condensed, that being 
the proportion of oxygen contained in 
the atmosphere ; the remaining four- 
fifths are nitrogen. When the com- 
bustion is over, invert the jar, and test 
the air contained in it with lime-water 
for carbonic acid (21). 



SECTION III. 
Preparation of Binoxide of Nitrogen (NO^).* 

26. Put 300 grains of copper turnings into a retort, 
and pour upon it an ounce and a half of strong nitric 
acid (NO^ previously diluted with an equal quantity of 
water. Decomposition immediately commences, and 
the binoxide is formed by the action of the copper on a 
portion of the nitric acid, thus : — 

3 Cu-f4iV05=3(OMO,iV05)+NOj. 

The gas which is first formed becomes orange, owing 
to its conversion into nitrous acid (^^4) by combining 
with the atmospheric oxygen contained in the retort 

(NO2+2 0=N0,). 

27. Transfer a little to ajar, and test it with a taper ; 
observe the orange fumes of nitrous acid which are in- 
stantly produced wherever the gas mixes with the air. 

28. Measure a definite quantity of the gas in a gra- 
duated receiver, and transfer it to another jar over the 
pneumatic trough : then measure off an equal volume 
of atmospheric air, and add it by decantation, to the 
binoxide. When the orange fumes have disappeared, 
owing to the absorption of the nitrous acid by the 
water, transfer it again to the graduated jar, and ob- 

' The specific gravity of binoxide of nitrogen is 1*039, 100 cubic 
inches weighing 32'22 grains. Its atomic weight is 30*0 and its com- 
bining volume 2. 
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serve the volume of the mixture, noticing accurately the 
diflference between this and the sum of the original 
volumes employed before mixing. This experiment 
should be repeated three or four times, and if the re- 
sults in each case agree pretty closely, take the average 
of the experiments, and the amount of condensation, 
divided by three, will give verv nearly the quantity of 
oxygen contained in the atmospheric air employed. 
One equivalent of binoxide of nitrogen occupying two 
volumes, when combined with two equivalents of oxygen 
occupying one volume, forms one equivalent of nitrous 
acid (NO J which is absorbed by the water ; consequently, 
one-third of the gas absorbed consists of atmosphenc 
oxygen. K the experiment be carefully performed, the 
absorption will be found to be equal to about one-fifth 
of the volume of common air employed, that being the 
proportion of oxygen contained in it. (25). 

Though the results obtained in this way are not veiy 
accurate, owing to the formation of other oxides of ni- 
trogen, they are suflSiciently so to allow of its occasional 
employment in determining the Quantity of free oxygen 
in a gaseous mixture ; and also when the whole of the 
uncombined oxygen has to be removed from a mixture 
containing it. 

SECTION IV. 
Preparation of defiant Gas, (O^H^).* 

29. Pour into a retort six fluid drachms of alcohol 
{C^H^O^HO) and add to it in small portions an ounce 
and a half of strong sulphuric acid {ffO,SO^\ gently 
agitating the mixture after each addition. Apply a mo- 
derate heat, and take care that the black froth which is 
formed towards the close of the operation does not boil 
over. Collect the gas in jars over the pneumatic trough, 
or in the gas-holder. 

30. Examine a small jarful with a taper, and observe 
that, though the taper is extinguished, the gas burns 
with a bright white flame. 

' The specific gravity of olefiant gas is 0*981, 100 cubic inches weigh- 
ing 30*57 grains. Its atomic weight is 14, and its atomic volume 2.. 
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31. When mixed with an eqnal volume of chlorine 
(01) the two gases combine, forming a heavy oily com- 
pound, called chloride of defiant gas {C^HJJl^. 

The oil collects in drops on the sides of the jar and 
on the surface of the water, while the gases are gradu- 
ally absorbed. 

Olefiiint gas derives its name from the circumstance 
of its forming this oily compound. 

32. Mix together one volume of defiant gas and two 
volumes of chlorine ; close the jar with a glass valve, 
and quickly remove it from the pneumatic trough. Ap- 
ply a light to the mixed gases, and observe the dense 
cloud of carbonaceous matter that is formed as the com- 
bustion gradually passes down the jar, hydrochloric acid 
being at the same time produced. 

C,H,+4C1=4HC1+4C. 

SECTION V. 
Preparation of Carbonic Oxide (p^)^ 

83. Carbonic oxide is prepared by the action of strong 
sulphuric acid {HO,SO^) on oxalic acid (HO;C203+2Aq). 
When a mixture of the two acids is warmed, the oxalic 
acid is resolved into carbonic acid, carbonic oxide, and 
water, which latter unites with the sulphuric acid. 

The carbonic oxide is purified from the carbonic acid 
by passing it through a solution of potash or milk of 
lime. 

CO,4-CO+KO=JrO,C02+CO. 

34. Adapt a cork to a wide-mouthed bottle capable 
of holding half a pint of water, and fit to it two tubes 
(162), one of which, a (Fig. 11), should be about half an 
inch in diameter, straight and sufiiciently long to reach 
nearly to the bottom ; the other, 6, should only just 

' The specific gravity of carbonic oxide is 10*973, 100 cubic inches 
weighing 30'21 grains. Its atomic weight is 14*0, and its atomic 
volume 1. 
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pierce through the cork, and should bo bent so as to 
deliver the gas, as shown in the fiff ure : the diameter of 
this tube need not be more than about J of an inch. 

The beak of the retort may now be fitted with a cork, 
which should be bored to allow the bent tube e to pass 
through it ; and care must be taken that this tube is 
sufficiently small to slide easily down the tube a, and 
long enough to reach to the bottom of the bottle. 

Pig. 11. 




Preparation of Carbonic Oxide. 

Four ounces of a tolerably strong solution of potash 
{KO) may now be introduced into the bottle. 

35. Charge the retort with 180 grains of crystallized 
oxalic acid (HO,C203+2Aq) and two fluid ounces of 
strong sulphuric acid {SOjSO^). On applying a gentle 
heat, the gas is given oflf, the first portions of which 
must be rejected as impure, and then two or three jars- 
ful may be collected over the pneumatic trough before 
the bottle containing the potash is connected with the 
retort. The gas thus obtained is a mixture of carbonic 
acid and carbonic oxide (33). 

36. Having collected two or three jars full of the 
mixed gases for comparison, adapt the bent tube c to 
the mouth of the retort, and proceeded to purify the 
gas from carbonic acid, by passing it through the alka- 
fine solution in the bottle. Pure carbonic oxide may 
then be collected. 

37. Agitate a little lime-water with a jar full of the 
impurified gas ; the presence of carbonic acid is shown 
by the formation of carbonate of lime (21). 
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38. Bcpeat the experiment with ajar fuUof tiae puri- 
fied gas. No precipitate ought now to appear. 

39. Apply a lighted taper to ajar full of the impure 
gas, and ohserve the characteristic pale blue flame with 
which the carbonic oxide -burnB. 

40. Do the Bame with a jar of the pure gas : the Same 
is brighter than when carbonic acid was present. 

41. Pour a little lime-water into the jar used in the 
last experiment immediately after the eombostion of the 
gas. The white precipitate which now appears, and 
which was not formed when the same gas was tested 
previous to the combuBtiou, shows the result of that 
process to hare been the formation of carbonic acid 

CO-i-0=GO^ 

SECTION VI. 
Prrparatlon of Chygen (p).^ 

42. Adapt a bent tube of the form shown in the 
figure, to a small hai-d glass flask, by means of a per- 
forated cork. 

Then weigh 100 grains of dried chlorate of potash 




(KO,CIOj), mix it with 20 grains of black oxide ot 
manganese {MnOJ, and place the mixture in the flask ; 

' The specific gravity of oxjeen is 11057, 100 cnbie incliea ireighing 
31'20 grains. Its atomic neigbt is 8, and ila combining volume }. 
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adjust the tube so as to deliver the gas into the gas- 
holder, or under the shelf of the pneumatic trough 
(Fig. 12), and apply the heat of a lamp. 

The chlorate of potash is thus decomposed, and gra- 
dually gives off the whole of its oxygen, which passes 
out through the tube, and may be collected either in the 
gas-holder or in jars, while chloride of potassium (KCl) 
remains in the flask, together with the oxide of man- 
ganese, which is not decomposed during the process.^ 

KO,C106=KCl+60. 

The first portions of the gas should be rejected as 
impure, being mixed with the common air contained in 
the flask and tube. 

43. The jars used for the following experiments 
should be open both at the top and 
bottom, the edges of both being ground Fig. 13^ 
smooth, so as to be closed air-tight " " 
with a glass valve h (Fig. 13). 

44. Fill a jar with the gas, and in- 
troduce a glowing taper; it will in- 
stantly burst into flame, and bum with 
great brilliancy, until most of the oxy- 
gen is exhausted by combining with 
the carbon and hj^drogen of the wax. 

45. Introduce into another jar of 
the gas a small piece of ignited char- 
coal, attached to the end of a wire. It bursts into vivid 
combustion combining with the oxygen, and forming 
carbonic acid (00,), the presence of which may be proved 
by agitating a little lime-water in the jar (21). 

46. Repeat the experiment with a small coil of thin 
iron wire, to which a little charcoal or amadou should 
be attached and ignited, for the purpose of heating the 
iron sufficiently to cause it to burn. The iron combines 
with the oxygen, forming the black oxide (FcgOJ, fused 
globules of which drop to the bottom, and should be 
received in water, as they are so intensely hot as^ to 
fuse into the glaze of a plate if allowed to fall upon it. 

' The oxide of manganese is here used, because it is found that, 
when thus mixed, chlorate of potash gives oflF its oxygen with much 
greater facility and at a lower temperature than when heated alone. 
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Fig. 14. 




47. Place a fragment of sulphur 
about the size of a pea in the de- 
flaffmting spoon, set it on fire by 
holding it over a lamp, and in- 
troduce it into a jar of the gas ; 
the sulphur bums with a brilBant 
blue flame, combining with the osjr- 

?^en, and forming sulphurous acid 
SO,). 

48. Mix together two volumes of 
h^dro^en and one of oxygen, and 
with the mixture fill a smful jar or 
tube, which for this experiment 
should be made of thick glass. On 
a{)plying a li^ht, the gases combine 
with a loud explosion, forming 
water. H+o=J5rO. 

SECTION vn. 

Preparation of Gases which are soluble in Water, 

49. Although in the preparation of many of the com- 
mon gases it is most covenient to collect them over 
water, either in the gas-holder, or in jars placed in the 
pneumatic trough, still there are many cases in which 
this method is inapplicable, as when the gas is to any 
considerable extent soluble in water. It is usual in sucn 
cases, especially when great purity is necessary, to col- 
lect them in tubes or jars over mercury, which is not 
acted upon by the majority of the gases. For common 
purposes, however, some of them may be collected by 
the displacement of common air in dry bottles, and the 
more the gas differs in density from atmospheric air, 
the more is this method applicable. 

Hydrochloric acid gas and ammonia maybe taken as 
examples of the process. 

Preparation of Hydrochloric acid Gcu (HGl).* 

50. This gas is easily obtained by the action of sul- 
phuric acid on common salt. 

* The specific gravity of hydrochloric acid gas is 1*2692 ^^^ cubic 
inches weighing 39*37 grains. Its atomic weight is 37*0, and its atomic 
volume 1. 
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To the beak of a retort, a bent tube of the form repre- 
sented in Fig. 15, is adapted by means of a perforated 
coi'k ; a loose roll of filtering paper is introduced into 
the neck, to retain any moisture that may distil over ; 

Fig. 16. 




Preparation ot Hydrochloric Acid Gas. 

and the retort is charged by introducinff 300 grains of 
dry chloride of sodium (NaCl), and adding to it six 
fluid drachms of strong sulphuric acid (HO^SO^). Im- 
mediate effervescence takes place, and the bent tube is 
passed into a dry bottle of about a pint capacity, which 
should be furnished with a greased stopper ; while the 
bottle is filling, the mouth may be loosely closed with 
a piece of card or paper. 

Observe the dense fumes which are formed wherever 
the gas mixes with the air, especially if the atmosphere 
is damp, owing to the combination of the gas with the 
aqueous vapor. The bottle maybe considered full when 
the gas has been flowing over from the mouth of the 
bottle for two or three minutes ; the tube should then 
be cautiously withdrawn, and the bottle tightly closed 
with the stopper. Three or four bottles may be simi- 
larly filled with the gas, a gentle heat being applied if 
necessary. 

The decomposition may be thus represented : — 

Naa+flO,iSf03==NaO,S05+HCl. 

The sulphate of soda of course remains in the retort. 

51. Ascertain the action of the gas on a lighted taper. 

52. Remove the stopper from one of the bottles, in- 

4 
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stantly close it again with a dry glass plate (aprecaution 
which is on no account to be omitted, as the stopper 
might in that case become immovably fixed), and plunge 
it with the mouth downwards into the water of the 
pneumatic trough. If the bottle has been well filled, 
the water will, when the glass plate is removed, quickly 
raise and nearly fill it, while the unabsorbed residue 
shows the quantity of common air left in the bottle.^ 

This experiment must not be made without first re- 
moving the stopper, and substituting the glass plate ; if 
it is attempted to take out the stopper while the bottle 
is under water, there is great danger of its becoming so 
firmly fixed, as to be almost incap^mle of removal, owing 
to the absorption of the gas by the water, and the for- 
mation of a partial vacuum. 

53. Test a little of the acid solution obtained in the 
last experiment, in a tube, with litmus paper, and after- 
wards with a few drops of solution of nitrate of silver 
{AgO^NO^. The white precipitate, which is chloride of 
silver (AgCl), will be found to be insoluble in nitric 
acid, but readily soluble in ammonia (429). 

54. Reserve a bottle of the gas for an experiment 
(60) with ammonia. 

SECTION VIII. 
Preparation of Ammonxacal Gas (NHj).' 

55. This gas may be prepared in a similar manner to 
the last ; but as it is specifically lighter than common 
air, the bottles in which it is collected must be kept, 
while filling, with the mouth downwards, the deliver- 
ing tube passing upwards, to the top (Fig. 16); the 
neck of the retort should be furnished as before with a 
roll of filtering paper. 

56. Eeduce 300 grains of quick lime (CaO) to powder 
in a mortar, and slake it in a small basin with a drachm 

1 Water at common temperatures is capable of dissolving no less than 
480 times its own volume of hydrochloric acid. The liquid hydro- 
chloric or muriatic acid of commerce is a solution of the gas in water, 

' The specific gravity of ammoniacal gas is 0*589, 100 cubic inches 
weighing 18*288 grains. Its atomic weight is 17, and its atomic 
volume 2. 



PREPARATION OF AMMONIACAL GAS. 



89 



and a half of water ; then pound 400 grains of muriate 
of ammonia (NH^Cl) ; mix the powders as quickly as 
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Fig. 17. 



Preparation of Ammoniacal Gas. 

possible, and without loss of time transfer the mixture 
to the retort. The following decomposition takes 
nlace *""^ 

NH4Cl+CaO=CaCl+fi'0+NH5. 

If the gas does not come over rapidly, a gentle heat 
may be applied. When three or four bottles have been 
filled, proceed with the following ex- 
periments : — 

57. Observe the effect of the gas on a 
lighted taper : it extinguishes the flame, 
and at the same time shows a slight 
tendency to bum with a pale green 
flame. 

68. Remove the stopper from one of 
the bottles, and close the mouth with a 
dry glass plate (read paragraph 52) ; then 
invert it, and having placed it under 
water, remove the glass jlate and ob- 
serve the rapid absorption. That which 
remains unabsorbed is atmospheric air.* 

59. Test the liquid obtained in the 
last experiment (which is a weak solu- 
tion of ammonia) with turmeric and red- 

' Water at common temperatures is capable of absorbing nearly 700 
times its volume of ammoniacal gas. 
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dened litmus-paper; the first is turned brown, the latter 
has the blue color restored. 

60. Remove the stopper from a bottle of the gas, and 
also from the reserved bottle of hydrochloric acid (54), 
replacing them with dry glass plates. Then invert the 
latter over the bottle of ammonia (Fig. 17), and cau- 
tiously remove the glass plates so as to allow the gases 
to mix. Dense white fumes, consisting of muriate of 
ammonia (NH^Cl) are immediately produced, which in 
a short time collect in flakes, and fall like snow on the 
sides and bottom of the vessels. In this combination of 
the hydrochloric acid with the ammonia, considei*able 
heat is evolved. 



CHAPTER m. 

DISTILLATION. 

SECTION I. 
Distillation of Water, 

61. Adapt a cork to the neck of a quilled receiver, 
and bore a hole through it to fit the neck of the retort, 
which should pass through it for about two inches. 

Fig. 18. 




"When this is done, the apparatus may be fitted up as 
shown in the figure (Fig. 18). The funnel which sup- 
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Fig. 19. 




plies water for cooliug the neck of the retort, has its 
throat partially obstructed by a plug of tow, to regu- 
late the flow of liquid; the neck of the retort is covered 
by a slip of bibulous paper of the form of 
the annexed sketch (Fig. 19), cut of such 
a width as almost completely to encircle 
the neck; and between the lower end of 
the paper and the quill receiver a thin 
fillet of tow is twisted tightly round the 
glass, to carry off the superfluous water, 
which drops into a basin placed underneath 
for its reception. The quill of the receiver 

E asses into a small flask or bottle, which is 
ept immersed in water during the process, 
in order to keep it cool. 

62. When the apparatus is thus arranged, 

the retort must be cautiously charged with common 
water till nearly half full, care being taken that none 
of it gets into the neck, as it would run down into the 
receiver and contaminate the distilled water, which 
should otherwise be pure. The upper part of the body 
of the retort being then covered with a conical cap of 
paper to prevent loss of heat by currents of air and 
radiation, the lamp may be applied, care beinff taken 
that the ebullition does not go on too violently, lest any 
of the impure water should splash or boil over into the 
neck of the retort. If, instead of boiling quietly and 
uniformly, the water in the retort " bumps,'' owing to 
the sudden disengagement of large bubbles of steam, a 
few fragments of broken glass or 
platinum wire may be placed in 
the retort to assist the formation 
of small bubbles fi'om their sur- 
face. The first ounce of water 
that comes over should be re- 
jected as impure, after which 
two or three ounces may be dis- 
tilled for examination. 

63. While the distillation is 
going on, another portion of the 
water operated on may be tested, with the view of dis- 

4* 
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covering some of the impurities present in it. Pill four 
test-tubes about one-third full of the undistilled water, 
and add to them respectively a few drops of the follow- 
ing reagents. 

{a.) To the first add a solution of chloride of barium 
(BaOl); a white precipitate, insoluble in nitric acid,* 
indicates the presence of sulphates (408), most com- 
monly sulphate of lime {CaOjSO^). 

(6.) To another portion add a solution of nitrate of 
silver {AgOyNO^. If any chloride is present, usually 
chloride of sodium {NaCl)y a white curdy precipitate of 
chloride of silver (AgCl) will be produced, insoluble in 
nitric acid, but readily soluble in ammonia (429). By 
exposure to the light this precipitate gradually becomes 
purple, especially when the water contains organic 
matter. 

((?.) To the third tube add a little lime-water {CaO in 
water) : a white precipitate, soluble in nitric acid, shows 
that carbonic acid [CO2) is present (420). 

((?.) To the remaining tube oxalate of ammonia (NJEC^Oy 
OzO^) may be added, which will give a white precipitate 
if any lime is present (218). 

64. Test the distilled water in the same way; if pure 
it will of course furnish no precipitate with any of the 
reagents. 

65. Evaporate a few drops both of the distilled and 
undistilled water on platinum foil or a clean slip of 
glass : a considerable residue will probably be left by 
the latter, but no trace of solid matter ought to be ob- 
servable where the other lay. 

66. During ebullition, the water in the retort usually 
becomes turbid, owing to the formation of a white in- 
soluble powder, which may be separated by filtration 
when the distillation is over. 

To prepare a filter, take a small piece of white filter- 
ing or blotting paper, and fold it twice from side to side 
(Fig. 21) ; then round off with scissors the projecting 
corners, so that the paper may fall wholly within the 

* In testing the solubility of a precipitate in any liquid^ pour off a 
small portion into a separate tube for the experiment, reserving the rest 
for comparison. 
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funnel (Fig. 22). Moisten the paper placed in a funnel 
with distilled water, and then carefully pour in the li- 



Fig. 21. 



rig. 22. 





quid to be filtered, using a glass rod to conduct it 
(Fig. 23), (636). 

When most of the liquid has passed through, the 
white powder may be detached with a knife from the 



Fig. 28. 
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paper, and introduced into a test-tube ; the clear solu- 
tion being reserved for examination (68). 

67. (a.) Add a few drops of dilute nitric acid to the 
powder in the tube, and observe that it dissolves with 
effervescence, indicating that it is a carbonate (419). 

(6.) Supersaturate the solution thus obtained with 
ammonia, and add a little oxalate of ammonia {NH^O^ 
CgOj) : a white precipitate shows the presence of lime 
(218). The powder is thus proved to be carbonate of 
lime (CaO,C02). This carbonate of lime had been held 
in solution by the excess of carbonic acid contained in 



44 DISTILLATION OF HYDROCHLORIC ACID. 

the water ; when the gas is expelled during ebullitioDy 
the carbonate is precipitated. 

68. Test the solution filtered from the carbonate ot 
lime in (66) with chloride of barium, nitrate of silver j lime- 
water , and oxalate of ammonia ; and compare the results 
with those obtained in (63), when the water was ex- 
amined in its natural state. As most of the linie has 
be^ separated as carbonate, we may expect to find less 
of it in solution than before, but more of the sulphates 
and chlorides, since they still remain dissolved in a more 
concentrated form. 

SECTION 11. 
Distillation of Liquid HydroclHoric Acid (HCl in water). 

69. Fit up the apparatus as in the ordinary process 
of distilling water (61), taking care that all the joints are 
perfectly tight: then remove the retort, and introduce 
through the tubulure 1000 grains^ of dry chloride of 
sodium (NaCl) in coarse powder, taking care that none 
of the particles fall into the neck of the retort ; then 
adjust the apparatus as before. Measure into the small 
flask or bottle which is to receive the distilled acid, 12 
fluid drachms of water, and mark with a file or a strip 
of waxed paper, the height at which it stands ; and 
having emptied it, measure into it seven drachms of 
distilled water. During the distillation care must be 
taken that the quill of the receiver dips under the sur- 
face of this water, which will assist in condensing the 
acid fumes, some of which might otherwise escape. 

Into a small evaporating basin, pour seven drachms 
of water, and add graduafly to it six drachms of strong 
sulphuric acid [HO^SO^j stirring the mixture with a 
glass rod. When nearly cool, this dilute acid may be 
poured carefully into the retort through a small funnel, 
avoiding any splashing or soiling of the neck. A gentle 
heat may then be applied, which must be regulated ac- 

' In this and many of the other experiments, small quantities toe 
mentioned to suit the convenience of my class of Practical Chemistiy, 
the lessons being only two hours long. When the products of the 
peri men ts are wanted for use, much Is 
be employed. 



iriments are wanted for use, much larger quantities must frequently 
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cording to the rapidity witli which the acid distils over, 
great care heiug taken that the mixture does not hoil 
over into the neck of the retort (60). 

The distillation may be continued until twelve 
drachms of acid have come over, which ma^ be known 
by the mark previously made in the receivmg flask. 

70. The acid in the receiver may now be examined 
as to its purity. Pour a little into a test-tube, dilute it 
with about three times its bulk of water, and add a few 
drops of a solution of chloride of barium ; if a white pre- 
cipitate appears which is insoluble in the acid, it shows 
the presence of sulphuric acid as an impurity (403). 

71. Evaporate a few drops of the acid on platinum 
foil or a clean slip of glass : no trace of the spot where it 
lay ought to remain. Any solid residue shows the 
presence of some saline impurity, caused probably by a 
little of the salt employed having ^ot into the neck of 
the retort, and been washed down into the receiver. 



SECTION III. 
Distillation of Liquid Ammonia (NH, in water). 

72. Prepare the apparatus as in the distillation of 
hydrochloric acid (69). 

Pound 460 grains of quick-lime (CaO), introduce it 
into the retort through the tubulure, and pour gradually 
upon it two ounces of distilled water. Measure into 
the receiving flask or bottle fifteen drachms of water, 
and mark with a file or waxed paper the height at which 
it stands ; empty it, and pour in two drachms of distilled 
water for the quill of the receiver to dip into during the 
distillation. 

Weigh out 530 grains of muriate of ammonia (NH^ 
CI), dissolve it in three ounces of water in a small eva- 
porating basin, and pour the solution into the retort. 

The distillation may now be commenced, carefully 
regulating the heat, and continuing it until the distilled 
liquid reaches up to the file mark in the receiver, when 
15 drachms will have been collected. 

CaO+iVB;C^NH8HO+ CaCl. 
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73. Pour a little of the" ammoniacal solution thus 
prepared into a test-tube, and add to it a few drops of 
chloride of barium : if a precipitate appears, it is owing 
to the presence either of carbonic or sulphuric acid. To 
distinguish between them, add nitric add in slight ex- 
cess ; if the precipitate thereupon dissolves, it is carbonic 
acid (421) ; if not, it is sulphuric (403). 

74. Test another portion of the ammoniacal solution 
with a little oxalate of ammonia ; if a white precipitate 
is formed, it is owing to the presence of lime as an im- 
purity (218). 

76. Supersaturate a little of the distilled liquid with 
nitric acid in a test-tube, and add a few drops of a solu- 
tion oi nitrate of silver {AgO^NOs); a white precipitate 
indicates the presence of hydrochloric acid or a chloride. 
If a further portion of the ammoniacal solution be 
added, so as to render the liquid alkaline, the precipi- 
tate redissolves (429). 

76. If no precipitate occur with any of these tests, 
evaporate a few drops of the ammoniacal solution on a 
slip of glass or platinum foil, and observe whether any 
trace of saline impurity is left. 

SECTION IV. 
Distillation of Liquid Nitric Acid (N^^ in water). 

77. Fit up the apparatus as in the distillation of hy- 
drochloric acid (69). Introduce into the retort 1000 
grains of nitrate of potash (K0,!N'05) ; pour upon it ten 
drachms of strong sulphuric acid {HO,SO^) previously 
diluted with an equal bulk of water, and apply a gentle 
heat, observing the same precautions as were recom- 
mended in the former cases (61, 69). 

KO,N05+2(5'O,iS'O3)=K0,S08,n0,S05+KO,NO5. 

78. While the distillation is going on, dissolve a few 
crystals of the nitrate of potash in distilled water, for 
the purpose of ascertaining its purity. 

(a.) Test a little of the solution with nitrate of silver 
{AgO^NOn); if any chloride is present, a white curdy 
precipitate appears, which is insoluble in nitric acid^ 
but readily soluble in ammonia (429). 
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If the nitrate employed is contaminated with any 
chloride, the acid that distils over is sure to contain a 
little hydrochloric acid (HCT). 

(6.) To another portion, add a solution of chloride of 
barium {BaCl) ; if any sulphates are present, a white 
precipitate is produced, which is insoluble in nitric 
acid (403), 

79. Dissolve a small quantity of nitrate of potash in 
hot water, in an evaporating basin, adding the salt as 
long as it is taken up by the water on stirring; pour the 
hot solution into another basin, and observe the gradual 
formation of crystals as it cools. Remove some of these 
from the liquid, and dry them on filtering paper; then 
redissolve them in distilled 

water, and test the solution '**' "* 

as before, with nitrate of 
silver and chloride of barium. 
The precipitates, if any, 
will be less dense than in 
the previous examination, 
showing that a partial puri- 
fication has been efiected. 

80. The distilled nitric 
acid iriay now be tested for 
impurities, but before the 
test liquids are applied a 
portion should be diluted with four or five times its 
bulk of distilled water, since the chloride of barium is 
itself insoluble in strong nitric acid, and would conse- 
quently cause a precipitate, even though no sulphuric 
acid were present. A portion may then be tested for 
sulphates and chlorides with chloride of barium and 
nitrate of silver (403, 429). 

81. If the distilled acid is found to contain sulphuric 
or hydrochloric acids, it may be purified fi'om them by 
adding a solution of nitrate of silver as long as any pre- 
cipitate is produced, and re-distilling; when those 
acids will remain behind in combination with the oxide 
of silver. 

jgrC/+jyO,S03+2(^^0,A^06)=AgCl+AgO,SOs+2(HO,N05). 




GLASS'WOBKINQ. 



CHAPTER IV. 



OLASS-WOBKINO. 

82. Thb most convenient form of apparatus for work- 
ing glasB on the email scale, ia the water blowpipe, 
which coDsists of an upright box, about fiiteeu iucoeB 
high, of the form represented in Figure 25. It ia tiBuallj 
mode of zinc or copper, and is divided into two com- 
p^menta by the plate a, which passes down to within 
about half an inch of the bottom, thus leaving a coin- 

munication open between 
"e-^- the two. The lower end of 

the tube b is closed by a 
valve opening outwards, to 
prevent the escape of air in 
that direction :tbeboxshoald 
be filled about half lull of 
water, and when used, air 
ie blown through the tube 
b. The pressure thus oc- 
casioned in the compart- 
ment c, forces a portion of 

the water into the next divi- 

"'"'"■ sion d, where it rises to a 

higher level than in c, and by its superior pressure forces 
a stream of air through the fine aperture at the extre- 
mity of the tube e, as long as it continues to stand at a 
higher level than in c. In this way a continuous Jet ia 
readily obtained, with much less fatigue to the operator 
than with the mouth blowpipe, 

83. If the blowpipe flame be examined, it will be 
found to consist of two distinct parts, which may be 
called, for the sake of distinction, the inner a, and the 
outer flame b (Fig. 26). The blue point of the inner' 
flamo is evidently surrounded on all sides by the burn- 
ing gas, no atmospheric oxygen being near it, so that 
any substance containing oxygen loosely combined, 
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placed in it, will be decompoBed by the powerful de- 
oxidizing afflnitieB of the carbon and hydrogen of the 
combustible gases : on this account the inner flame is 
usually called the deoxidizing or reducing flame. The 
outer flame, on the contrary, is surrounded on all sides 
by the external air, so that here there is no excess of 
combustible or deoxidizing matter, but rather an excess 
of atmospheric oxygen ; so that an oxidized substance 
may be placed at its extremity without danger of de- 
oxidation, unless such decomposition is eflfected by the 
mere heat of the flame, independent of its chemical 
action ; on the other hand, most substances, having an 
affinity for oxygen, placed within its influence, be- 
come oxidized at high tempera- 
tures, and hence it is usually called ^«- ^• 
the oxidizing fLsLine. 

84. The English flint glass, of 
which the tubes and rods com- 
monly in use are made, contains 
in its composition a quantity of 
oxide of lead (PbO), which, when 
heated in contact with deoxidizing 
matter, is very easily decomposed. Blowpipe name. 
On this account it is necessary, in 

heating glass with the blowpipe, to take care that it 
does not approach the deoxidizing flame, but is kept at 
the extremity of the oxidizing flame, otherwise a black 
stain of metallic lead will be deposited on the surface 
of the glass. Slight stains of this description may 
generally be removed by holding the glass for a few 
seconds in the oxidizing flame ; this converts the lead 
again into oxide, which dissolves in tlie glass. 

85. Make a few glass stirring rods, of lengths varying 
from five to eight inches. To do this, a piece of solid rod, 
long enough to make two stirrers, should be held at a 
short distance from the extremity of the flame, and gradu- 
ally brought towards it ; a rotating motion being com- 
municated to it by means of the finger and thumb, 
so that the part where the heat is applied may be uni- 
formly heated all round (Fig 27). When the glass 
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Fig. 27. 



begins to soften, it should be gently pulled with both 

hands, until it assumes the 
form represented in Figure 
28, when it may be re- 
moved from the flame; 
and having been scratched 
with a file across its nar- 
rowest part, is gently 
broken asunder (Pig, 29). 
The sharp edges are then 
held in the flame until they 
are round and uniform (Fig. 
. 30) ; after which the other 
end may be worked in the 
same way, only making it 
rather more tapering and 
pointed. 

86. Join together two rod$ 
of equal diameter. For this purpose, take two short 
pieces of rod, the extremities of which are smooth and 

Fig. 28. 





flat, and hold the ends which are to be united in the 
blowpipe flame until partial fusion takes place. Then 
with a steady hand bring them together, observing that 



Fig. 80. 



Fig. 29. 




the edges of both coincide, and press them gently, bo 
as to cause them to cohere perfectly together. Keep 
the newly-formed joint in the flame for some minutes, 
turning it constantly round, and alternately pulling and 
pushing, in ordor to weld the two pieces firmly together. 
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When this is properly done^ the rod is as strong at the 
junction as in any other part, but a slight inequality will 
always be visible, however neatly the operation 
may have been performed. ^'^^' 

87. Make a specific-gravity glass of the form and 
size shown in Fig. 31 (149). 

88. Make a small syphon tube. Take a piece 
of tubing ten or twelve inches long, and a fourth 
or a third of an inch in diameter, and hold it 
diagonally in the flame of a gas or spirit-lamp, 
turning it constantly round, and by gently mov- 
ing it up and down in the flame, heating two or 
three inches of the central part of the tube. 
When the glass begins to soften, apply^ a gentle 
pressure with both hands, so as to' bend it slowly, _ 
and continue to do so until it has assumed the gpecitio- 
form shown in Fig. 32. K the tube is too strongly ^^J 
heated, or if the pressure be too strongly and 
suddenly applied, the bend, instead of being round and 
uniform, will be abrupt and wrinkled, in 
which case it is very liable to crack, either *'^«* ^^• 
spontaneously, or when exposed to slight 
variations of temperature. The extremi- 
ties of the tube must now be rounded off 
by being heated to redness for a moment 
in the flame of the blowpipe. When the 
glass operated on is at all thick, or of an 
unequal form, some care is necessary in 
annealingy or gradually cooling it; this 
may be effected by removing it slowly 
from the flame, and then laying it across 
a piece of tube, so that the hot part does 
not touch any cold substance, and cover- syphon tuba. 
ing it loosely with paper, to prevent too 
rapid cooling by radiation. 

89. Make a few test-tubes. A piece of tube may be 
taken about half or five-eighths of an inch in diameter, 
and eight or ten inches long, which will serve for two 
test-tubes. 

The central portion must be heated in the manner de- 
scribed for heating glass rod (86), and gradually drawn 
out, the tube being constantly turned round, when it 
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will assume the form shown in Fig. 83. The heat 
should now be applied to the part of the tube marked 
a, and the other piece gradually drawn out, care being 
taken not to fuse the tfiin thread of glass that b fomaed^ 



Pig. 33. 
Fig. 34. 



Making Test-tubes. 

and which connects the two parts of the tube (Fig. 84), 
until the base of the tube has become round ana uni- 
form ; when this is the case, and the connecting thread 
has become very thin, the heat may be applied to the 
point where it joins the tube, when it will mstantly fuse 
and separate, leaving the tube in an almost finished 
state. There will generally be found at the bottom of 
the tube, however, a small lump, more or less distinct, 
formed by a portion of the thread having fused into it ; 
to remove this, again heat the round end red-hot for a 
short time, until the lump disappears. On re- 
rig. 35. moving the tube from the flame, blow air gently 
Uinto it, for the purpose of swelling out the bot- 
tom to its previous round form (Fig. 85), as it 
usually collapses and flattens while in a state of 
fusion. 

90. The other portion of the tube may now bo 
finished in a similar way, by applying heat to the point 
6, and drawing off^ the irregular teraiination untU the 
thread of glass is suflSciently attenuated to be removed. 
When it is required to make a test-tube of a piece of 
tubing only long enough for one, all that is necessary 
is to melt on to one end another piece of waste tubing 
or rod, to serve as a handle, after which the end may be 
drawn offj as in the former case. 

91. To complete the tube, the open end must be 
spread out a little, as shown in Fig. 36, so as to fonri a 
kind of border. This is done by softening the end in 
the blowpipe flame, and then, by means of a thick iron 
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wire, or the smooth end of a file (which should be pre- 
viously heated by being held in the flame), introduced 
and carried round the 

• . 1 1 Fiff. 36. 

openmg, the edge 
is uniformly pressed 
outwards. 

92. Cement together 
two tubes of equal dia- 
meter. This is done 
in a similar manner 
to that already de- 
scribed in the case of 

rods (86). It requires, '^ MakmgTe.ttabe.. 

however, more care 
and dexterity to maintain the tube of nearly uniform 
thickness at the point of junction, as it is liable to col- 
lapse and become irregular in form. When it does so, 
one end of the tube should be stopped up with a bit of 
cork or by hermetically sealing, and while the junction 
is in a state of semi-fusion, air 
should be gently blown into the ^'^' ^' 

tube : in this way it may be 
brought again into a proper ,„,.„,^. 

form. W hen the glass is thm, 

the edges which are to be united may be spread out a 
little, as shown in JFig. 87, by means of a heated wire 
or file ^91), when the joint will be stronger than it would 
otherwise be. • 

98:; Cement together two tubes of unequal ^diameter. 
When it is required to join a narrow tube to a wider 
one, it is necessary to draw out the latter in the blow- 
pipe flame until a portion of it is contracted to the dia- 
meter of the former (85) ; then with a file it is divided 
at that point of equal diameter, and cemented to the 
smaller tube in the same way as in the previous case. 
Sometimes, when the glass is thin, it is advisable to 
widen the extremity of the smaller tube, so as to over- 
lap the other (Fig. 38), which is readily done by means 
of an iron wire (91). 

In this operation, it is always advisable to maintain 
the junction in the flame for some little time, to allow of 
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the complete amalgamstioti of the two porHons of glass ; 
and as the tendency to collapse is greater the longer it 
is fused, it will generally be found necessary to 
"L^- blow it out slightly, as recommended in (92). 
\^ In this way, some small funnels may he made 
\/ (Fig. 39). 

rig. 38, 



94. Prepare tvhea for a vxuking bottle. The 
tubes required for this purpose are of the fonn 
shown in Pig. 40, the upper end of the longer 
i^' one being drawn out so as to leave only a small 

aperture. 
Wben the bottle is prepared and filled with water, a 
small stream of water may be forced 
through this tube by blowing air down 
the shorter one ; it is of great service 
in washing precipitates on a filter, and 
for many other purposes (169). 

95. Prepare tvA>e8 for a tulphuretted 
hydrogen {hydrondphuric acid) appara- 
tug. The form of apparatus used for 
generating hydrosulpnurio acid, and 
passing it into water or saline solo- 
tions, IB represented in Fig. 41 (699). 
The finer tubes, d and /, may usually 

be bent in the naked &iine (88), the 

extremities being afterwards slightly 
fused with the blowpipe in order to round off the shaip 
edges ; and care must be taken that the wider tube e u 
of sufficient calibre to admit of the tube tj passing freely 
down it. 

96. Attach a narrow tube at right anglet to a aider one. 
Heat the wider tube to redness at the point where the 
junction is to be made ; and by means of a bit of waste 
rod or tubing c (Pig. 42), draw it out, when it will assume 
the form represented in the figare : then with a sharp 
file remove the portion c at the point b, and fuse to the 
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projecting piece thus left the smaller tube, in the 
manner described in (93). 



Fig. 41. 




Pig. 43. 



Kg. 42. 



H 




Snlpharetted Ilydrogen Apparatos. 

97. Blow some small bulbs. When it is required to 
blow a bulb at the end of a tube, the extremity should 
be closed as in making a test-tube (89) ; if the glass is 
tolerably thick, and the bulb 
to be blown not large, all that 
is necessary is to heat the 
end for about half an inch 
as strongly as possible ; and ^ 
then, having removed it 
from the flame, and holding 
it horizontally in the hands 
(Pig. 44), to blow air into 
it until the pressure forces the softened glass to expand, 
which it will do in the form 

of a round bulb if the heat has 
been properly Applied, and the 
tube be kept constantly turned 
round while in the hands. This 
latter precaution is absolutely 
necessary, as the softened s^lass 
would otherwise bend witE its 
own weight in one direction, 
thus destroying the proper form 
of the tube. 

98. Seal a few tubes hermeti- 
cally at both ends. This is an 

operation of very frequent use in the laboratory, as it 



Fig. 44. 
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furnishes the most convenient and efficient means of 
preserving small specimens of many rare substances, 
especially such as are volatile. 

The tube is first sealed at one end, precisely as if it were 
intended for a test-tube (89) ; the liquid or other 
Fig^. substance for which it is designed is then intro- 
duced, as soon as the tube is quite cold, care being 
taken that the upper part of the tube is not wettea 
or soiled. The flame of the blowpipe is now 
directed to the portion of the tube a little above 
that intended for the sealed end, and when suffi- 
ciently soft it is drawn out to a capillary tube, aud 
allowed to cool : it may afterwards be sealed by 
fusing the lower part of the capillary tube a (Fig. 
45), by momentary contact with the flame. 

In this way seal a little sulphur in a tube without 
melting or volatilizing any of it, the* sulphur being 
within an inch and a half of the upper end. 

99. Seal some water hermetically in a tube. Having 
sealed the tube at one end, while it is cooling take 
another piece of tubing, which may be eight or nine 
inches long, and a quarter of an inch in diameter, and 
draw it out in the blowpipe flame ; then divide it in 
the thin part by means of a file, when it will have the 
form shown in Fig. 46 ; and when the sharp edges have 
been rounded oft* in the blowpipe flame, may be used 

Fig. 40. 




a 



as a pipette for introducing a little water into the sealed 
tube without wetting its sides. 

Then draw out the capillary neck (98), and when 
cold seal it as before, leaving not more than the space 
of an inch between the upper end and the surface of 
the water. 
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CHAPTER V, 

BXPEBIMBNTS WITH THE MOUTH BLOWPIPE. 

100. Before proceeding to any blowpipe experiments, 
it is necessary to acquire the knack of keeping up a 
constant and unintermitting blast of air from the mouth, 
as without this it is impossible to raise the heat to a 
sufficient degree of intensity. The habit is readily ac- 
quired, and when once attained, the mouth and lungs 
will be found to do their work almost mechanically, 
without any sustained effort on the part of the operator. 

101. The learner may first observe that on closing 
the lips he can still without any difficulty breathe 
through the noBtrils : let him now distend the cheeks 
with air from the lungs, and he will find that on closing 
the communication between the mouth and throat he 
can breathe through the nostrils for a length of time, 
still keeping the cheeks distended. He may next in- 
troduce the mouth-piece of the blowpipe between his 
lips, and having puffed out his cheeks with air from the 
lungs, and again closed the communication between the 
mouth and throat, let him breathe freely through the 
nostrils, at the same time allowing the distended cheeks 
to force a current of air through the blowpipe. When 
the stock of air in the mouth is nearly exhausted, a 
fresh supply is sent up from the lungs, when the cheeks, 
again distended, will by their elasticity keep up a cur- 
rent of air through the blowpipe, while the operator 
breathes through the nostrils as before. 

The cheeks thus play the part of an elastic bag, with 
a valve opening inwards, which, if connected with the 
blowpipe, and distended with air, would force air 
through it as long as the tension of its stretched sides 
exerted sufficient pressure. 

102. Seal a few tubes for the following experiments 
(Fig. 47). The tubing employed for this purpose should 
be about a quarter of an inch in diameter, and it may 
be cut into pieces about five inches long, each of which 
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Fig. 47. 




will serve for two tubes. The sealing should be effected 
in the manner already described (89), and the same care 
relative to the deoxidizing flame is necessary, as when the 

water blowpipe is used ^84). 
103. Heat a small frag- 
ment of wood or paper in 
a tube, and observe that it 
blackens like all organic 
substances.' This blacken- 
ing or charring is owing to 
the decomposition of the 
lignine, which consists of 
CijHj^Oio ; when exposed to 
a high temperature the hy- 
drogen, and oxygen, with 
a portion of the carbon, 
pass off in the form of acetic 
or pyroligneous acid (HOjO^ 
H Oj^ and tarry matter, with 
other volatile compounds, leaving behind a carbonace- 
ous residue. The acid character of the vapor may be 
seen by introducing a strip of moistened litmus-paper 
into the upper part of the tube while the decomposition 
is going on, when it will be speedily reddened. 

104. Treat a fragment of horn (C^gHjgN^Oiy), or isin- 
glass (CggHgjjN^igOgg), similarly, in anomer tube :^ observe 
the character of the carbonaceous residue, and introduce 
a bit of yellow turmeric paper, which w^ll be turned 
brown, showing that the vapor is alkaline; this is owing 
to the presence of ammonia (NHg), which is almost in- 
variably produced when an organic compound contain- 
ing nitrogen is decomposed by heat. The odor of the 
fumes should also be noticed, and contrasted with those 
formed in the last experiment. 

106. Heat a little gypsum or sulphate of lime (CaO, 
SOg+SAq) in a tube, and note whether it undergoes 
any change. It parts with the two equivalents of 

* In this and most of the following experiments^ especially when the 
substance operated on is of a deleterious or poisonous nature, the 
quantity used should not exceed a pin's head in size. 

' When a tube is at all soiled in an experiment, it is unfit for further 
use. 
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water of crystallization, which condeuse in the upper 
part of the tuhe. 

106. Treat a crystal of sulphate of iron (FeO,S03+ 
7Aq) in a similar manner, observing the successive 
changes which are produced, and examine the liquid 
which condenses in the upper part of the tube, with 
litmus-paper. 

When first heated, six equivalents of water are ex- 
pelled, leaving a whitish powder, which consists of the 
sulphate \Hth one equivalent of water (FeO,S05,HO). 
On continuing the heat, the sulphuric acid is volatilized, 
a portion of it being decomposed by the protoxide of 
iron, which is converted into peroxide by the oxygen 
derived from the acid. 

2(FeO,S08)=fi'0,+SO,+Fe205. 

107. Eepeat the experiment, using sulphate of potash 
(KOjSOg) instead of sulphate of iron ; the decrepitation 
is owing to the escape of a little water, which is me- 
chanically lodged between the plates of the crystals. 
The salt undergoes no further change. 

108. Sublime a little calomel (B^Cl), and corrosive 
sublimate (HgClg) in two separate tubes, and note the 
different appearances which are presented in both cases. 

109. Heat a little red oxide of mercury (HgOg) in a 
tube ; observe the rapid change which it undergoes, and 
the minute globules of metallic mercury which condense 
in the upper part of the tube. K a glowing match be 
introduced while the decomposition is going on, it will 
indicate, by its vivid combustion, the presence of free 
oxygen, especially if the open end of the tube be loosely 
closed with the finger, to retard the escape of the dis- 
engaged oxygen. 

110. Repeat the experiment with some red oxide of 
lead (PbgO^), and observe in what respects the results 
differ from the last. The yellowish residue which is 
left is protoxide of lead or litharge (PbO), one-fourth 
of the oxygen being expelled. 

Pb,0^=3PbO+0. 

111. Heat a little arsenious acid (AsO,) in a tube, and 
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observe closely the characters of the crystalline sabli- 
mate (302). 

112. Mix together equal portions of nitre (KOjNO^) 
and bisulphate of potash (KO,HO,2S03), and heat the 
mixture in a tube ; test the nitrous vapor which is ffiven 
offj with litmus-paper, and endeavor to account ror its 
formation. 

118. Heat a mixture of pounded fluorspar (CaiP)and 
bisulphate of potash (KO,HO,2S03) in a rfass tube. 
The corrosive action on the glass is owing xo the for^ 
mation of hydrofluoric acid (HF). 

KO,HO,2S08+CaF=IIF+CaO,SOg+KO,SOs. 

114. Mix a little iodide of lead (PbL with bisulphate 
of potash, and heat the mixture in a tuoe : the beaut^Ciil 
violet-colored vapor which rises and condenses in the 
upper part of the tube is iodine. 

PbI+KO,HO,2S03=PbO,SO,+KO,SO,+H+L 

115. Fuse a little phosphate of lead (SPbOjPO^) on 
charcoal, and observe the semi-transparent crystalline 
appearance of the bead on cooling (412).^ 

116. Heat a little oxide of zinc (ZnO) 
Fig. 49. on charcoal; observe that it assumes a 

yellow color when heated, but becomes 
white again on cooling. 

117. Notice the change of color that 
ensues when chromate of lead (PbO,CrOj) 
is gently heated, and observe whether the 
yellow color returns on cooling. 

118. Repeat the experiment with red 
oxide of mercury (HffO^), taking care that 

charcoai-hoidor. the heat Is uot raised so high as to cause 

decomposition (109). 

119. Mix together a little chalk (CaO,C02) and char- 
coal, and ignite the mixture in a tube ; carbonic oxide 

' When charcoal is used as a support in blowpipe experiments, it 
should be cut into slices about the third of an inch in thickness, having 
a small cavity scooped out with the point of a knife^ in which to lodge 
the substance to be heated. The charcoal may be conveniently held 
during the experiment in a loop of tin plate, in the manner shown in 
Fig. 49. 
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gas is given off^ which, if formed in sufficient quantity, 
will burn with a blue flame. 

CaO,C03+C=CaO+2CO. 

120. Heat a small crystal of carbonate or any other 
salt of soda on platinum wire (which should be fused 
into a glass handle, and bent at the end, as shown in 
Fig. 48), and observe the intense yellow color it com- 
municates to the blowpipe flame. Then wash the wire, 
and compare its action on the flame with that caused 
by the soda« 

Fig. 48. 




6 

121. Repeat the experiment, using nitrate of strontia 
(SrOjNOg) instead of the soda : the color of the flame 
will become crimson. 

122. Heat a little chalk or marble (CaO,C02) on char- 
coal, and note the dazzling white light which is pro- 
duced, showing that the illuminating power of flame is 
not dependent only on the degree of heat, but on the 
presence of some solid matter in the flame ;* since the 
blowpipe flame, which heats it, and which is of course 
at least as hot as the lime, emits scarcely any percepti- 
ble light. 

During the ignition, the carbonate of lime is decom- 
posed, and caustic lime (CaO) is left, the alkaline nature 
of which may be shown by placing a fragment of it, 
after ignition, on moistened turmeric paper, which will 
become brown at the point of contact. 

123. A piece of alumina (AI2O3) or alum ( Al203,3S03 
+KO,S03+24Aq) ignited in the flame, radiates a fiiint 
bluish light. 

124. Dip a fflass rod in a solution of nitrate of cobalt 
{OoO^NO^^ and moisten a small crystal of alum with it; 
then ignite it on charcoal for a few minutes, and ob- 
serve the beautiful blue color which it assumes. This 
is a highly characteristic test for alumina. 

125. Repeat the experiment, with sulphate of magne- 

" See Danieirs Chemical Philosophy, p. 361. 

6 
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sia (MgO,S03+7Aq), which, when ignited with nitrate 
of cobalt, gradually assumes a pale rose color. 

126. A salt of zinc, as the sulphate (ZnO,S03+7 Aq), 
when similarly treated, becomes green. 

It is easy therefore to distinguish between alumina, 
magnesia, and zinc, in this simple manner. 

127. Heat a fragment of tin in the deoxidizing flame 
until it fuses into a bright metallic globule ; when white 
hot, throw it on the table, when it will divide into 
numerous small globules, which run rapidljr about, 
burning with a white light, and leaving behmd them 
white trains of oxide (SnOo). 

128. Heat another fragment of tin, and keep it fused 
and bright in the deoxidizing flame for two or three 
minutes ; then oxidize it in the outer flame, and again 
reduce it to the metallic state. 

129. Heat a little acetate of lead (PbO,C4H303H-3Aq) 
on charcoal ; observe first the liberation of acetic acid 
(HOjCj^gOg) and the deposition of a portion of the car- 
bon ; and on a further application of heat, the oxide of 
lead fii'st deposited is reduced to the metallic state, es- 
pecially when it is kept in the deoxidizing flame. The 
yellow ring which surrounds the metallic bead is pro- 
toxide of lead (PbO). 

130. Keduce oxide of bismuth (BigOg) in the same 
way : compare the beads of the diflerent metals thus 
obtained, as to outward appearance, crystalline struc- 
ture, malleability, &c. 

131. Heat a small crystal of sulphate of copper (CuO, 
S03+5Aq) in the reducing flame on charcoal, and oh- ' 
serve the successive changes which it undergoes ; first 
into black oxide (CuO), and ultimately into a bead of 
metallic copper. Hammer out the globule, so as to 
render visible its peculiar color. 

132. Mix together a little sulphate of baiyta (BaO, 
SO3) and charcoal in a mortar, and fold a small quantity 
of the mixture under one corner of a slip of platinum 
foil (Fig. 50). Heat it strongly in the blowpipe flame, 
and when the ignited mixture is cool again, put it into 
a small tube, and treat it with a drop or two of dilute 
hydrochloric acid {HQl). Observe the effervescence 
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Fig. 60. 




caused by the escape of hydro-sulphuric acid gas (hs), 
which may be recognized by its peculiar odor, and by 
a piece of paper moistened with a 
solution of acetate of lead, which is 
instantly blackened by it (438). In 
this experiment the sulphate of 
baryta is deoxidized by the charcoal, 
becoming sulphide of barium (BaS), 
which, when acted on hj hydrochloric acid, is decom- 
posed, and hydrosulphunc acid liberated. 

Decomposition during ignition. 

BaO,S08+2C=BaS+2CO,. 

Decomposition caused by the hydrochloric acid. 

BiiS-\- HCl=Ba Cl+nS. 

133. Sublime a little sulphur in a small tube open at 
both ends ; while in the state of vapor in contact with 
the atmospheric oxygen, it becomes converted into sul- 
phurous acid (SOg), the presence of which may be shown 
by its property of reddening litmus paper when mois- 
tened, and bleaching it when dry: its smell also is well 
known and characteristic. 

134. Heat a small quantity of sulphide of antimony 
(SbSg) in an open tube (Fig. 
51) ; observe the formation of 
oxide of antimonjr (SbOj) 
which appears as white fumes, 
and test for the presence of 
sulphurous acid (sOjIas in the 
last experiment. Here the 
oxygen of the air has oxidized 
both the sulphur and the me- 
tal. 

135. Scoop out a cavity in 
a piece of charcoal a (Fig. 52), 

and nearly fill it with a paste made of phosphate of lime 
(8CaO,3P05) and water, b ; dry it on 
the sandbath, and when quite dry, 
place a fragment of lead upon it. Ex- 
pose it to the oxidizing flame, and ob- 
serve that the oxide of lead (PbO) as 
it is formed, is absorbed by the porous 



Fig. 51. 




Fig. 52. 
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pliospliate of lime, while any silver which may be pre- 
sent, is left unoxidized, as a small metallic bead. This 
process is called cupellation. 

136. Fuse a little carbonate of soda (lfaO,C03) on 
charcoal, and observe that it is absorbed, owing to the 
capillary attraction of the porous charcoal. 

137. Make a bead of ^lass, by fusing a mixture of 
carbonate of soda and silica (SiOj) (427). 

138. Add a little sulphate of lime to the bead formed 
in the last experiment : heat it strongly in the deoxiduB- 
ing flame, and remark the yellow color which it as- 
sumes, owing to the formation of sulphide of sodium 
(NaS). 

NaO,Si08+CaO,SO,=CaO,Si08+40+NaS. 

139. Mix a little black oxide of manganese (MnOg) with 
^ ^ carbonate of soda (NaO,C02), and fiise it on 

^' ' platinum wire: remark the characteristic 
green color which is produced (267). 

140. Mix together a little arsenious acid 
(AsOg) (a quantity not greater in bulk than 
a small pin's head) (301) and black flux 
(which is a mixture of carbonate of potash 
and finely divided charcoal (751) ) ; ignite 
the mixture in a tube closed at one end, 
and observe the crust of metallic arsenic 

Crust which is deposited in the upper part of the 

of Arsenia ^^f^^ ^j^^ ggx ^^Q^y 

141. Remove with a file the closed end of the tube 
used in the last experiment, and holding it diagonally, 
direct the flame of the blowpipe on the arsenical crust ; 
notice the white crystalline deposit of arsenious acid 
(ASO3) which condenses in the cool part of the tube, and 
examine with a lens the beautiful octohedral crystals of 
which it is composed (Fig. 54). 

142. Place a little calomel (HgCD or corrosive sub- 
limate (HgClg) at the bottom of a tuoe, and cover it for 
about half an inch with dry carbonate of soda (NaO, 
CO2) ; and make the upper portion of the salt quite 
hot, and carrying the heat downwards sublime the 
calomel through it. Metallic mercury is deposited in 
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the form of minute globules in vig.bi. 

the upper part of the tube g <J 

143. Fuse a little borax (Na l^^x/ yf^ 
O,2BO3+10Aq) on a platinum J^ ^* HT^ 
wire, and observe the color ^k^^ /^^i^ 
given to the bead by salt, iron, ^^^ ^'^^ ^^ 
cobalt, copper, lead, manganese, nJ^ ^^t^jfiSft 
&c., both in the oxidizing and gj <^ " 
reducing flame. Awenioua Acid. 

144. Kepeat the same series 

of experiments, using carbonate of soda (I^aOjCOg), 
and afterwards microcosmic salt (NaO,NH40,HO,P05+ 
8Aq), instead of borax, and observe in what respects 
the results differ from each other. 



CHAPTER VI. 

SPECIFIC GRAVITY. 

By Bpecijic gravity is meant the comparative weights 
of equal bulks of various kinds of matter. It has been 
found convenient to compare the specific gravities of 
all solids and liquids with that of water, which is 
reckoned as 1*000 or 1000. The specific gravity of sub- 
stances heavier than water is consequently represented 
by a higher number, and those which are lighter by a 
lower number, than 1*000 ; that of lead, for instance, 
which is more than eleven times heavier than water, is 
represented by the number 11*85 ; while that of ether, 
which is considerably lighter than water, is represented 
by the number 0.724.^ 

SECTION I. 
Specific gravity of solids heavier than water. 

145. When the substance is solid and insoluble in 
water, its specific gravity may be ascertained in the 
following manner. Weigh it first in air, taking care 

' See Fownes's Manual of Chemistry, p. 3, 

6* 
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Fig. 65. ^ remove any dust or loosely-adhering 

particles. Then suspend it by means 
of a horsehair, from a hook at^ched to 
the scale-pan, making a small loop at 
one end of the hair, passing the other 
end throuffh it, and inclosing the sub- 
stance in the noose. Thus suspended, it 
is immersed in water (Fig. 65), and care 
should be taken that it is covered on all 
sides by at least half an inch of water. 
Small bubbles of air frequently adhere to 
the surface, and these must be brushed 
oflfwith a feather or camel-hair pencil, as 
they would tend to buoy it up, and 
cause the specific gravity to appear too 
low. 
The results may be noted down as follow : 

Weight of the substance in air . . . = 
" ** in water. . = 




Loss . . = 



which number represents the weight of an equal bulk 
of water. Then by dividing the weight in air by the 
loss, or the weight of an equal bulk of water, the speci- 
fie gravity is ascertained. 

Weight in air 

= specific gravity. 

Loss 

In this way determine the specific gravity of some of 
Pig. 66. ^® following substances : — ^marble, amber, 

iron-pyrites, sulphate of baryta, jet, lead, 

zinc, glass, and agate.^ 

SECTION II. 
Specific gravity of solids lighter than water. 

146. If the solid be lighter than water, 
as cork, a slight modification of the above 
process is necessary. 

Weigh the substance first in air; then 

' The following are the specific gravities of these substances, some of 
which, however, vary considerably. Marble 2-70 ; amber 1-08; iron- 
pyrites 4-90 ; sulphate of baryta 4*47 ; jet 1-30 ; lead 11-35 j zinc 7*00 ; 
flint glass 3*30 j and agate 2'60. 
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select a piece of lead of sufficient size to sink the light 
body in water when attached to it, and weiffh it (the 
lead) in water, suspending it by means of a nair loop, 
as before. If now the light substance be inclosed m 
the same loop with the lead (Fig. 56), and immersed in 
water, it will be found that they will together weigh 
less than the lead did alone, owing to the buoyancy of 
the lighter body ; and this difference, when added to 
the weight of the body in air, is equal to the weight of 
a corresponding bulk of water. 
The results may be thus recorded : 

Weight of body in air = 

Weight of lead alone in water = 

Weight of lead with body attached, in water = 

Difference = 

Add weight of body in air = 

Weight of an equal bulk of water . . . . = 

Having thus obtained the weight of the body in air, 
and the weight of an equal bulk of water, the specific 
gravity is calculated as before. 

Weight in air 

ss Specific gravity. 

Weight of equal bulk of water 

In this way ascertain the specific gravity of wood, 
cork, . and charcoal.^ 

SECTION m. 
Specific gravity of insoluhle powders. 

147. When the substance, whose specific gravity we 
wish to determine, is in the form of powder or even 
small lumps, it is clear that some other method must 
be adopted than those just described. The following is 
the most siinple, and for common purposes, sufficiently 
accurate. (Counterpoise' a small bottle furnished with 

' The specific gravity of these substances varies considerably, ac- 
cording to the degree of porosity; the following maybe considered as 
the usual average : wood (beech) 0*85 ; cork 024 j and charcoal 02 
to 0-5. 

^ This is done by putting shot or strips of lead in sf pill-box, which, 
when placed in the opposite scale, are adjusted until their weight is 
equal to that of the bottle. 
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a stopper ; then fill it completely with distilled water, 
close it with the stopper, taking care that no babbles 
of air are left in, and weigh to determine the quantity 
of water it contains.^ Having done this, empty the 
bottle, and dry the inside either with a cloth, or with 
fragments of filtering paper. 

fi must now be filled about two-thirds full of the 
powder to be examined, again weighed, and the bottle 
then filled cautiously with water, care being taken that 
all air-bubbles are expelled, and that none of the powder 
is washed out. Again weigh. 

From the data thus obtained, the specific gravity may 
be calculated as follows : 

Weight of the powder and water . . . = 

Weight of the powder alone = 

Difference = weight of water left in the bottle 



Weight of bottle full of water . ' . . . = 
Water left in the bottle after the powder \ __ 
was added j 

Weight of water displaced by, and equal ) __ 
in bulk to, the powder .... J 

Then as before : 

Weight of the powder 

= Specific gravity. 



Weight of water displaced 

In this way ascertain the specific gravity of sand, 
pounded glass, and shot.' 

SECTION IV. 
Specific gravity of liquids. 

148. With a bottle similar to that used in the last 
experiment, the specific gravity of liquids may be 
readily determined. As the space occupied by a given 
weight of liquid varies with the temperature, or, in 
other words, as the weight of a given volume of any 
liquid is greater or less as the temperature is lower or 

* Bottles may bo purchased which are made to contain exactly 1000 
grainsof distilled water. 

* The speci&c gravity of sand is about 2'60 ; flint glass 3*30 ; and 
shot 11-35. 
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higher, it is necessary to observe that the tempera- 
ture of the liquid during the experiment does not 
vary much from 62°, which is usually taken as the 
standard. For the same reason the bottle should not 
be touched by the warm hand during the experiment, 
as otherwise the heat would cause the liquid to 
^^^* ^'^' expand, and become specifically lighter ; this may 
be avoided by inteit)osing a linen cloth between 
the hand and the glass. 

Counterpoise the bottle, and weigh it full of 
distilled water; then, by filling it successively 
with other liquids, weighing, and comparing the 
difierent weights with that of water, the volume 
of liquid being always the same, the specific 
gravity is obtained by proportion, thus : 

Weight of bottle fall of water : 1*000 : : Weight of liquid : Specific gravity. 

Care must be taken to clean the bottle tho- 
roughly after each experiment, by washing it 
Specific fi^'st with distilled water, and then with a httle 
gravity of thc llquld whose density is to be ascer- 

glass. , ^ •■• •' 

tamed. 

Some of the following may be taken for practice : — 

Alcohol, solutions of chlonde of sodium, sulphate 

of magnesia, alum, carbonate of soda, sulphate of 

lime, sulphate of soda, bicarbonate of soda, 

f^^^' sulphate of copper, nitrate of potash, sulphate 

of zinc, and cream of tartar. 

149. The specific gravity of liquids may also 
be determined by another process, which, 
though not capable of so much accuracy as the 
last, is frequently useful when the specific 
gravity bottle is not at hand. 
^ Take a piece of solid glass rod, about the 

A size of the figure (Fig. 67), with one end drawn 
II out and turned in the blowpipe flame. Weigh 
y it first in au» and then in water, suspending it 
with a hair-loop (Fig. 58). Then, having wiped 
it dry between each experiment, weigh it successively 
in the liquids, the specific gravities of which are to be 
determined. The difference between the weight of the 
glass in air and in the liquid, representing in each case 
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the weight of a volume of the liquid equal to that of 
the glass, and knowing the weight of a similar volume 
of water, the specific gravity may be known by simple 
calculation. 
Thus : 

Weight of glass in air 

Weight of glass in liquid 

Loss 

which is the weight of an equal volume of the liquid. 
Then by proportion, — 

Weight of equal ) . i.qqq . . ( Weight of equal ) , ( Specific gravity ) 
volume of water. ) ' * ' ( volume of liquid j ' ( of the liquid. J 

Determine in this way the specific gravities of some 
of the solutions already mentioned, and compare the 
results with those obtained with the specific gravity 
bottle. 



CHAPTER Vn. 

HEATING SUBSTANCES IN GASES. 

SECTION I. 
Reduction of metallic oxides hy hydrogen, 

150. A LARGE number of the metallic oxides are de- 
composed and reduced to the metallic state when heated 
in an atmosphere of dry hydrogen gas ; and from the 
facility with which the operation may be performed, 
and the accurate results it gives when carefully con- 
ducted, it is frequently employed in estimating the 
quantity of oxygen present in oxidized compounds. 

151. The apparatus which is required for the pur- 
pose is shown in the figure. (Fig. 59.) The bottle 
a is charged with zinc and dilute Sulphuric acid to 
generate the hydrogen, which is dried while passing 
over fragments of chloride of calcium in the tube e ; the 
gas then passes into the bulb-tube A, which contains 
the oxide to be reduced, the bulb being heated by the 
lamp placed beneath. 
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152. Take a piece of tubing e, about twelve orfiftcen 
incheB long, and half an inch internal diameter, and 
having elightiy fused the cut edges in the blowjiipe 




ReauoiioH of Oiida of Copper. 



flame (85), adapt a cork to each end: then, with a cork- 
borer or roDnd file perforate the corks so as to receive the 
email tubes d and m. When the tube ie of such a dia- 
meter as cannot be exactly matched by any of the cork- 
borera in the set, the hole should be bored by a smaller 
one and afterwards enlarged by means of a round file, 
mitU it is of sufficient calibre to admit the tube, which 
must always fit perfectly tight. Remove one of the 
corks from the large tube, and push down to the other 
end a small loose hit of tow or cotton wool, and nearly 
fill it with fragments of chloride of calcium (734) ; put 
in another bit of tow (the use of which is to prevent 
any of the smaller fragments falling out), and again fix 
the cork and small tube. 

Next adapt a cork to the bottle, which should have a 
tolerably wide neck, and bore in it two holes to fit the 
tabes b and e, which pass through it, the fonner reach- 
ing nearly to the bottom of the bottle, the latter paaaing 
only just through the cork. Put 300 grains of granu- 
lated zinc into the bottle, and fix the cork containing the 
tubes b and c. 

153. In order to connect thedifferent parts of theap- 
paratUB together, make two caoutchouc connectors/ and 
g. This 18 done by loosely folding a piece of sheet 
caoutchouc about an inch and a half square, round a 
piece of rod or tubing of the same diameter as the tubes 
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which it is intended to join together, and cutting off 
with one stroke of a pair of sharp scissors the super- 
fluous ends (Fig. 60) ; when this is properly done, the cut 
edges cohere, and when slightly pressed together by the 
thumb-nails, the junction becomes almost as strong as 
any other part of the tube. Care must be taken to 

Ilg. 60. 




Making Caoutchouc Conneeton. 

avoid touching the newly-cut edges, as the least dirt or 
moisture upon them would prevent them cohering 
properly toffether. It is then carefully removed from 
the rod, and is ready for use. 

154. Having made two of these connectors, weigh the 
bulb-tube accurately, and place in the bulb 20 or 80 
grains of oxide of copper (CuO) : affain weigh, to as- 
certain the weight oi oxide operated on, and connect 
the apparatus as shown in the figure. The caoutchouc 
tubes should be firmly tied round with strong twine or 
silk, which should be passed under and over, and tied 
at each half revolution to insure perfect tightness of the 
joint. The apparatus being thus arranged, fill the bot- 
tle a about one-third full of dilute sulphuric acid (con- 
sisting of one part by measure of the strong acid and 
eight parts of water), pouring it down the funnel-tube 
b (12) ; and when the gas has been coming over about 
five minutes, apply a gentle heat to the bulb, and gra- 
dually increase it as long as any water is formed. 

CuO+H=Cu-HHO. 

It is necessary to observe the precaution of not ap- 
plying the heat immediately, since the apparatus at first 
contams an explosive mixture of hydrogen and common 
air, which would, if heat were apphcd, be in great 
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danger of exploding (17) and seriously injuring the 
operator; by allowing five minutes to elapse, however, 
the whole of the common air is expelled, and the bulb 
may be heated without danger. 

155. When the decomposition appears to be com- 
plete, no fresh water being produced,^ expel by heat any 
moisture that may have condensed in the cool end of 
the tube, remove the lamp, and allow the bulb-tube to 
cool; then disconnect the apparatus, and weigh the 
bulb containing the reduced metallic copper, the loss 
of weight indicating the quantity of oxygen that has 
been removed. Ascertain by calculation the percentage 
of oxygen in 100 parts of the oxide, and compare the 
expeiimental result with what is theoretically correct, 
the atomic weight of copper being thirty-two, that of 
oxygen eight, and that of the oxide forty. 

SECTION II. 
Heating substances in an atmosphere of carbonic acid, 

156. It is sometimes required in analysis to separate 
two substances, one of which is volatile at a high tem- 
perature, and the other fixed, so that by merely heating 
the mixture, and weighing before and afterwards, the 
weight of each ingredient is determined. In some 
cases, however, it happens that the non-volatile body 
when heated in atmospheric air, combines with oxygen, 
forming a volatile compound ; so that here it is neces- 
sary to conduct the operation in an atmosphere of some 
gas incapable of combining with it, as hydrogen or 
carbonic acid. For instance, in the analysis of gun- 
powder, which consists of a mixture of nitrate of potash 
fKO,]SrOg), sulphur, and charcoal, the nitrate of potash 
IS first dissolved out with water, and the insoluble 
residue, consisting of sulphur and charcoal, is heated in 
a current of hydrogen or carbonic acid, when the sul- 
phur, being volatile, is expelled ; whereas, if the mix- 

* Thia is known by holding a piece of cold glass close to the opening 
at the end of the tube, and observing whether any moisture is condensed 
upon its surface ; if riot, it may be inferred that no water is coming 
off. 

7 
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ture were to be heated in common atmospheric air, the 
carbon as well as the sulphur would disappear, since it 
would combine with oxygen, and become converted into 
carbonic acid (CO^) which is a gas. 

157. The apparatus required for this purpose is the 
same as that used for the reduction of metallic oxides 
by hydrogen (161). Fill the generating bottle a about 
one-third full of water, and put in some fragments of 
marble (CaO,C02) 5 when the apparatus is arranged, 
pour in from time to time a little hydrochloric acid 
through the tube 6, so as to maintain a moderate efter- 
vescence (19). Weigh the bulb-tube, and put into it 
about 10 grains of the mixture of sulphur and charcoal ; 
weigh a second time, to ascertain how much is used in 
the experiment, and connect the apparatus toffether. 
Allow the gas to come over for about five minutes, 
in order to displace the common air (which might 
otherwise cause the volatilization of some of the char- 
coal, by conversion into carbonic acid), and then heat 
the mixture as long as any sulphur is volatilized. As 
soon as the apparatus is cold, weigh the bnlb-tube again, 
when the loss of weight will represent the quantity of 
sulphur contained in the mixture. The percentage of 
sulphur is then ascertained by calculation. 

Weight of mixture : loss of weight : : 100 : percentage of sulphur. 

SECTION III. 
Preparation of perchloride of iron (FeJCil^). 

158. When metallic iron is heated in a current of 
chlorine gas, the two substances combine, forming per- 
chloride of iron. The chlorine is generated in a retort 
a (Fig. 61), to the beak of which a tube, bent at right 
angles 6, should be adapted by means of a perforated 
cork. The retort is then charged with 700 grains of a 
mixture of black oxide of manganese (MnOg) and com- 
mon salt (NaCl), (in the proportion of three parts of the 
former to four of the latter), on which should be pom'cd 
two ounces of water. Remove the tube-funnel b from 
the bottle used in the two last experiments (151), and 
substitute a piece of tubing e, sufficiently wide to admit 
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the bent tube h, and reaching nearly to the bottom of 
the bottle, which should be filled about a fourth part 
full of water. The rest of the apparatus is the same as 
that used in the reduction by hydrogen (151), only sub- 
stituting the straight tube d, which may be six or eight 
inchea long, for the bulb-tube before employed ; and 
pat into it thirty grains of clean iron wire. 




159. When the apparatus is connected together, 
Blowly pour into the retort through a funnel one ounce 
of strong Bulphuric acid {SO,SO^, to diaeiigago the 
chlorine from the mixture of manganese and salt; and 
if the gas does not come over properly, apply a veiy 
gentlelieat. 

MnO.+NaCl+a [EO,SOt)^Mi>0,SO^+N'aO,SO,+2no+a\. 

The gas, when generated, passes through the water 
in the bottle/, which retains any hydrochloric acid with 
which it may be impregnated ; and having passed over 
chloride of calcium in the tube c, arrives m the tube 
oontfuning the iron, in a pure and dry state. 

When the apparatus is filled with the chlorine, appl^ 
a gentle heat to the iron wire, and observe the beauti- 
fuT scaly crystals of seaquichloride of iron (Fe^Clj), 
which sublime and condense in the cool end of the 
tube. Remove a few of the crystals from the tube, and 
remark with what avidity they absorb moisture from 
the mr when exposed to it for a few minutes. 

Diaaolve a little of the chloride in distilled water, and 
add ammonia {Nff^ in slight excess : the brown preci- 
pitate which is produced, is hydrated peroxide of iron 
(280). 
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CHAPTER Vm. 

ALKALIMETRY AND ACIDIMETRY. 

SECTION 1. 
Alkalimetrt/, 

160. The process of alkalimetry has for its object the 
determination of the quantity of real alkali or alkaline 
carbonate in any given sample, and is founded on the 
principle that the quantity of alkali which is neutra- 
lized by a known quantity of acid, is always 

^^^' ^ constant and uniform, in obedience to the well- 

•^ known laws of combination in definite pro- 
portions. 

For example, forty-nine parts, by weight, of 
oil of vitriol {HO^SO^ combine with thirty-two 
parts of soda (NaO), and when the two sub- 
stances are brought together in these propor- 
tions, the resulting compound (sulphate of soda 
NaOjSOj) is a perfectly neutral salt: but if the 
relative quantity of acid or alkali be greater op 
less than those specified, then there will be an 
excess of one of them present, and the solution 
TO containing them will be no longer neutral to 
test paper. Hence it appears that if we have an 
unknown quantity of pure alkali in a solution, 
we can, by treating it with an acid of known 
strength, and observing how much of the acid 
is required to neutralize it, readily determine 

meter' thc pcrccutage of potash or of soda in any 

^^" specimen. 

161. The apparatus employed for this purpose is a 
tube, capable of holding 1000 grains of distilled water, 

? graduated into 100 parts, the divisions being numbered 
rom the open end downwards, as in the figure (Fig. 62). 
At 65 degrees there is aline scratched, marked carbonate 
of potash ; at 54*6, another line, marked carbonate of soda; 
at 49, potash ; and at 23*5, soda; numbers, it will be 
observed, which, when deducted from 100, bear similar 
relations to each other as the atomic weights of the 
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Fig. 63. 



compounds whose names they are associated with, 
Now, if sulphuric acid of the specific gravity, 1*1268, be 
poured into the tube up to the point marked by eitiber 
of these names, the (juantity of acid thus measured oft 
will be exactly sufficient to neutralize 100 grains of the 
alkali specified ; and when the tube is filled up to zero 
with water, it is evident that each division of the tube 
contains the quantity of acid requisite to neutralize one 
grain of alkah, being jJuth part of the whole. By as- 
certaining experimentally therefore how manv of the 
divisions full are required to neutralize the altali pre- 
sent in 100 grains of an impure specimen, that number 
will represent the percentage of real alkali which it 
contains. 

162. Ascertain the quantity of dry carbonate of soda 
(UaOjCO-) in a sample of the crystallized salt (IfaO, 
CO2+10Aq). For this purpose weigh out 100 grains of 
the salt, and dissolve it with 
the aid of a gentle heat, in 
about four ounces of water in 
an evaporating basin. Pour 
a little of the standard sul- 
phuric acid (specific gravity 
1-1268) (which should have 
been previously prepared and 
allowed to cool,)^ into a lip- 
ped glass, and thence into the 
alkaumeter tube, until it 
reaches the line marked car- 
banate of soduy and fill it with 
distilled water up to zero. 
Put two or three small pieces 
of litmus and turmeric paper 
into the alkaline solution, 
which should be kept gently 
heated over a lamp, and have 

' Sulplinric acid of the specific gravity 1'1268, may be prepared by 
mixing together one part hj measure of strong oil of vitriol (HOtSO^) 
specific gravity 1-84, and eight parts of distilled water. Before taking 
it into use, it must be tested both as to its specific gravity, and also as 
to its neutralizing power, which must be ascertained by experiment wit 
a pare specimen of alkali. 

7* 
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at band a glass rod to stir it with during the process 
of neutralization. 

163. Having made these preparations, take the tube 
in the left hand, close the opening tightly with the 
thumb, and invert the instrument five or six times suc- 
cessively, in order to mix the acid and water thoroughly 
and uniformly together: then by cautiously relaxing 
the thumb, allow the acid to fall drop by drop into the 
alkaline solution, stirring the latter constantlv with the 
glass rod until the litmus begins to turn feebly red. 
(Fig. 63.) When the change of color begins to appear, 
wash the sides of the basm by gently agitating the 
liquid in it, in order to dissolve any of the splasnings 
that may have dried during the process, and escaped the 
action of the acid. When the point of neutralization 
is nearly attained, bring one of the pieces of litmus- 
paper from time to time out of the solution a^inst the 
heated side of the basin ; if the redness disappears, 
more acid must be added, the reddening bein^ thus 
proved to have been caused by the carbonic acid dis- 
solved in the water; and the cautious addition of acid 
must be continued until a permanent feeble red color 
is obtained. 

164. When the neutralization is complete, restore 
the tube to its vertical position, and remove the thumb 
(which until now should not have been for a moment re- 
moved), scraping it gently, so as to separate most of the 
adhering acid. Allow the tube to remain upright for a 
minute or two, in order that the sides may drain, and 
then observe the degree at which the acid stands, that 
number representing the percentage of dry carbonate 
in the sample.^ The decomposition may be thus ex- 
pressed: 

KaO, C02+H0,S0s=Na 0,SOj,+HO+CO^. 

165. Determine the quantity of soda (BTaO) in the 
same sample. This is done in the way described in the 

* The atomic weight of crystallized carbonate of soda (NaO,COa+10 
Aq). being 144, and that of the dry salt (NaO^GOs) ^^i ^^^ percentage 
of the latter, supposing the crystallized salt to be pure, may be calcu- 
lated as follows: 

144 : 54 : : 100 :x = percentage of dry carbonate of soda. 
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last experiment, but instead of filling tho tube up to 
tbe mark carbonate of soda with acid, it is filled up to 
the mark soda, and then up to zero with water.' 

166. Ascertain experimentally the percentage of 
potash (KO), and of dry carbonate of potash (KO,COj), 
in the crystallized carbonate (K0,C0j+2Aq).' 



Acidimetry. 

167. Tlie process of alkalimetry being well ander- 
Btood, that of acidimetry will require but little explana- 
tion, as its principle is precisely analogous to that which 
has been described (160). In the former process the 
object was to determine the quantity of alkali by the 
qnsntitrf of acid which it was capable of neutralizing ; 
in acidimetry, we have to ascertam the amount of real 
a(»d in any solution contaioiog it in an uncombined 
form. When the acid under examination forms with 
lime> a salt that is soluble in water, its strengtli may be 
ascertained by determining the quantity of marble or 
carbonate (CaO,COi) which a given 

weight of it decomposes and diseolvcs. ^'*' **' 

This process will serve for nitric, hy- 
drochloric, and acetic acids. 

168. Determine the percentage of 
oitric acid (NO,) in a specimen of the 
liqoid acid. 

vTeigh out 150 grains of pounded 
marble, pat it into an evaporating 
basin, and cover it with about two 
oances of distilled water. Pour a 
little of the acid into a glass, and 
tiience, by means of a dropping-tube 
(99), transfer exactly 100 grains of it 

I If the CTTSlAllizi 

nUted ta follows : 
Ate. wL of CTTBtd. carbonate of soda. Ate. wt. of soda. Per centof soda- 
Hi ; 32 ;: 100 : a: 
* The atomic weight of KO is 48 j that of KO,COi 70 ; and that of 
KO,CO,+ZAq 88. 
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into a previously counterpoised capsule. Add this in 
successive portions to the marble, avoiding too large an 
addition at once, lest the eft'ervescence should be so 
violent as to cause some of the liquid to be projected 
over the sides of the basin and lost. 

When the w^hole of the acid has been added, wash 
out the dish vv^hich contained it, two or three times, with 
distilled water, and add the washings to the marble ; 
stir the mixture repeatedly with a glass rod, and when 
the effervescence appears to have nearly ceased, heat it 
gently over a lamp. 

Cap,cOa+iv^05=ai 0,^^05+003. 

169. "While this is going on, fit up a washing bottle 
(Fig. 64), the tubes for which have been already pre- 
pared (94). Two holes must be bored in the cork to 
fit the tubes, which must be fixed in the manner shown 

in the figure. Then pre- 
^^8'^' pare a mter, according to 

^T> \x t"TT" ^^® directions already given 

— ^^'^sijjS^ (It*''"*''^ i^^^ ' ^^^ having moistened 
^S^\\#^ it with distilled water, sup- 

^Sk4 port it over a beaker glass 

by means of a retort stand 
or perforated block of wood 
(Fig. 65). Pour the solution 
from the evaporating basin 
down a glass rod into tiie 
filter, directing the stream 
so that it may fall upon the 
sloping side and not into the 
apex, lest its force should in- 
jure or break through the paper; wash the last portions 
of marble out of thebasin by means of the washingbottle, 
holding the basin in a nearly vertical position (Fig. 66). 
When the liquid has for the most part passed through the 
filter, wash the latter with water from the washing bot- 
tle, directing the stream just below the upper edge of 
tbe filter, and continuing to wash until a drop of the 
filtered liquid, when evaporated on a strip of glass or 
platinum foil, leaves no trace of solid matter. When 
this is the case, we may be sure that the whole of the 
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soluble nitrate of lime {OaO^NO^ has been washed out, 
and that nothing remains but the portion of marble 

Fig. 66. 




which was not decomposed. This residue must now 
be thoroughly dried, weighed, and its weight deducted 
from that of the whole of the marble employed ; the 
difierence beinff of course the weight of that which has 
been dissolved by the acid. Now since every equiva- 
lent of carbonate of lime which has been dissolved, 
indicates the presence of an equivalent of nitric acid, 
the quantity of nitric acid in the 100 grains employed 
may DC ascertained by the following proportion : 

Atomic weight of Atomic weight of 
carbonate of lime. nitric acid. 



60 . 54 . . i Quantity of mar- 1 . ^^ f Percentage 

®" • ^* • • j ble dissolved J * ^*^ j of nt acid. 

170. Ascertain the percentage of hydrochloric acid 
(HCl) in a specimen of the liquid acid. Proceed exactly 
as in the previous experiment with nitric acid (168), 
only in the calculation substitute the atomic weight of 
hydrochloric acid 37, for that of nitric, thus : 

60 : 37 : : Quantity of marble dissolved : x 
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171. In the determination of the strength of acids 
which do not form with lime salts that are soluble in 
water, the method just described will not, of course, 
give accurate results ; and the following may be adopted, 
which we will consider as used in the case of sulphuric 
acid, sulphate of lime being too sparingly soluble to 
admit of this acid being estimated by the process with 
marble. 

172. Determine the percentage of sulphuric acid 
{HO^SO^ in a specimen of the dilute acid. Take 100 
grains oi the acid (weighed in the manner already de- 
scribed (168) ) and place it in a tolerably large evaporat- 
ing basin ; dilute it with three or four ounces of water, 
and wash out with water the dish in which the acid was 
weighed, so as to avoid the loss of any of the acid : put 
into the dilute acid two or three pieces of litmus-paper, 
and heat it gently over a lamp. Dissolve 100 grains of 
pure crystallized carbonate of soda (NaO,CO2+10Aq) 
in an ounce and a half of water, applying if necessary 
a gentle heat, and pour it when cold into the alkali- 
meter tube (161), washing with water the dish in which 
the solution was made : then fill the tube up to zero 
with distilled water. Now take the tube in the lefk 
hand, and having closed it securely with the thumb, 
invert it repeatedly, in order to secure the perfect and 
uniform mixture of the saline solution and the water. 
"When this has been done, it is evident that each divi- 
sion of the alkalimeter tube must contain in solution 
one grain of the crystallized carbonate. 

The alkaline liquid must now be added gmdually to 
the dilute acid, with the same precautions as in the pro- 
cess of alkalimetry (163), until the red color of the 
litmus is changed to purplish blue ; when this is the 
case, remove the thumb, and after allowing the tube to 
stand upright for a minute or two, read on the degree 
at which the liquid stands ; that number representing 
the number of grains of the carbonate which have been 
required to neutralize the 100 grains of dilute acid. As 
each equivalent of the carbonate which is neutralized 
represents an equivalent of the acid, the following cal- 
culation will furnish the percentage of the latter : 
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Equiv. of ciystallized Equiv. of sul- Grains of car- Percentage 
carbonate of soda. phuric acid. bonate used. of acid. 

V , / ' , * V y / * , / 

» 144 : 49 :: \ x 

173. Determine the stren^h of nitric (-ZVO5) and hy- 
drochloric {HOt) acids bjr this method, and compare the 
results with those obtained by the decomposition of 
marble (168, 170). 

SECTION III. 
Estimation of Carbonic Acid in Carbonates, 

174. The quantity of carbonic acid (GO^) contained in 
any carbonate which is readily decomposable by hydro- 
chloric acid, may be determined m 

the following manner. Take a piece ** 

of tube b (Fig. 67), five or six inches 

long, with one end drawn out so as to 

leave only a small opening, and fill it 

with fragments of chloride of calcium 

(734), putting in a loose plug of tow or 

cotton wool at each end, in the manner 

already described (152). Bend a piece carbonic Add Appa- 

of quiU tubing in the form shown at d 

(88), and by means of perforated corks, connect the two 

tubes with a flat-bottomed flask, capable of holding ten 

or twelve ounces of water. Select a tolerably wide 

test-tube, of such a size as will stand in the flask in an 

inclined position as shown in the figure, and nearly 

fill it with strong hydrochloric acid (HOI). 

175. Put into the flask twenty grains of marble 
(CaO,C02) in small fragments, and pour upon it about 
an ounce of water : then cautiously introduce the tube 
c containing the acid, taking care that none of the acid 
is allowed to come in contact with the marble ; connect 
the chloride of calcium tube with the flask, and accu- 
rately weigh the whole apparatus. Now gradually in- 
cline the flask, so as to allow the acid to flow slowly upon 
the marble : the carbonic acid is disengaged with effer- 
vescence ; is deprived, while passing over the chloride 
of calcium, of the moisture with which it is impreg- 
nated ; and passes off through the small aperture in the 
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tube J, leaving the apparatus of course lighter than 
before. 

176. When the effervescence has ceased, the flask 
should be gently warmed, and when cool again, the 
cork may be removed, and air drawn through the flusk 
by means of a small piece of tube, to abstract the whole 
of the carbonic acid with which it is filled ; and which, 
being heavier than common air (22), would add to its 
apparent weight. The chloride of calcium tube is then 
replaced, and the whole apparatus again weighed ; the 
loss of weight being of course that of the carbonic acid 
expelled. By multiplying this loss by 5 (20x5=100), 
the percentage of carbonic acid in the marble is ob- 
tained. 

177. Ascertain in the same way the percentage of car- 
bonic acid in the carbonate (]S'aO,CO2+10Aq) and bicar- 
bonate of soda (]SraO,HO,2C02). 



PART 11. 

ACTION OF REAGENTS ON BASES AND ACIDS. 



CHAPTER L 

SECTION I. 
Introductory. 

178. QuALiTATiVB analysis has for its object the de- 
termination of the elements of compounds which are 
contained in any given substance ; and those elements 
and compounds are recognized by certain characteristic 
appearances which they present when exposed to the 
action of tests or reagents, or when otherwise treated, 
as when submitted to heat, &c. 

Before proceeding, therefore, to the more complicated 
processes of analysis, it is advisable that the student 
should make himself familiar with the action of reagents 
on the compounds most commonly met with in such 
investigations, in order to enable him properly to in- 
terpret the lan^age in which Nature, through his ex- 
periments, replies to his inquiries. 

With this purpose in view, he should not merely ap- 
ply his tests, and superficially note whether a precipi- 
tate is or is not formed, but he should endeavor to im- 
press on his recollection the exact appearance which it 
presents, both as to color and also as to physical structure ; 
whether it is crystalline, curdy, or gelatinous ; whether 
it separates immediately from the solution, or requires 
time for its development ; as well as the action of sol- 

8 
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vents (as acids and alkalies) upon it. Besides the in- 
creased facility which he will thus gain in making sub- 
sequent experiments, he will be acquiring habits of close 
and accurate observation, whichwillbeof infinite value 
to him, not only in pursuing the study of chemistry, 
but in almost every occupation of life. 

SECTION II. 
Classification of Bases and Acids, 

179. In describing the action of reagents, and the 
rudiments of chemical analysis, all the rarer bases and 
acids will be omitted, as they would only tend to con- 
fuse the student.^ The following are those which will 
be treated of, as being most commonly met with in 
analysis. The bases are classified according to their 
behavior with hydrosulphuric acid (HS), hydrosulphate of 
ammonia {NH^S^HS) and carbonate of soda {NaOjCOjj. 
Those in Class IV are precipitated as sulphides from 
acidified solutions by hydrosulphuric acid; those in 
Class m are not affected by hydrosulphuric acid when 
an excess of hydrochloric acid is present, but are thrown 
down either as sulphides or oxides when their neutral 
solutions are treated with hydrosulphate of ammonia ; 
those in Class 11 are not precipitated by either hydro- 
sulphuric acid or hydrosulphate of ammonia, but are 
thrown down as carbonates, by carbonate of ammonia 
or of soda: and those in Class I are unaffected by any 
of those reagents. 

Bases. 

Class I. 

Potash, (KO) 

Soda, (NaO) 

Ammonia, (NHj) 

Cla^s IL 

Magnesia, (MgO) 

Lime, (CaO) 

Baryta, (BaO) 

Strontia, (SrO) 

* In the Appendix will be found a table showing the behavior of 
most of the rarer substances with reagents. 
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Ola»t III. 

AluminB, (Al^Oj) 

Oxide of Cbromiam, (Cr,0,) 

Glide of Zinc, (ZnO) 

Protoxide of Manganese, .... (Mn 6) 

Protoiideoflron, (FeO) 

Peroxide of Iron, (Fe,0,) 

Oxide of Nickel, (NiO) 

Oxide of Cobalt, (CoO) 

cuiis ir. 

Oxide of Arsenio (areeaiona acid), . . (AsO,) 

Arsenic Acid, (AsOj) 

Oxide of Antimonj, (SbOg} 

Protoxide of Mercurf, (HgO) 

Peroxide of Morcury, (HgOg) 

Oxide of Lead, (I1>0) 

Oxide of Copper, (CuO) 

Oxide of Silver, ( AgO) 

Protoxide of Tin, . , . (SnO) 

Peroxide of Tin, (SnO,) 

Oxide of Bismuth, (BijO,) 

The acids are divided into two groups, the Inorganic 
and the Organic. 

Inorganic Acids. 

Solphnrie, (SO,) 

Phosphoric, (POj) 

Boracic, (BO3) 

Carbonic, C'^O,! 

Silicic, fSiO,) 

Hydrochloric, (HCl 

Hydriodie (HI) 

Hydrosnlphoric, (ilS) 

Nitric, (NOA 

Ohbric, (CltO) 

Organic Adds. 

Onlic, CHO,C,0,) 

Tartaric, (2nO,C,H,0,„) 

Citric, (3 HO,C;„H.U,,j 

Malic, (2 HO.CH.Os) 

Succinic, (BO,C.H,0,] 

Benzoic, (H0,C„H,6a) 

Acetic, (UO,C,(I,'0:,) 

Formic, {if ",<'.! IJh) 

180. Should the student find tliat the action of any 

test does not agree with that described, it may be owing 
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potash (KO,EO,CnH,0,„}. Ab in the last test, the -pre- 
cipitate does not appear immediately unless the solution 
be concentrated ; so that it must be allowed to stand a 
short time before we satiBfy onrselveB that no potash t4;J 
present, *JB 

The separation of the precipitate, in this and othe* J 
similar cases, is much asBiated by agitating the mixture 
with a glass rod ; wherever the rod has rubbed against 
the sides of the tube containing it, delicate lines of 
microscopic crystals are deposited before any precipi. « 
tate appears in the body of the liquid. 

187. (C) Ignite a small fragment of a salt of pota 
on platinum wire in the deoxidizing flame of the blow^l 
pipe (83), and observe the violet color which it com- 
municates to it. A small quantity of the potash (KO) 
ia here deoxidized, and the volatile potassium (E) thus 
formed, is again oxidized while passing through tba l 
outer flame, which combustion ia accompanied by tb#fl 
violet flame. 

The same color may be observed in the flame i 
alcohol which contains a little potash iu solution. 

It is to be observed, that in these experiments tbfrl 
presence of any soda prevents the appearance of til|« 
violet tint, on account of the intense yellow color wliid^l 
the latter base gives to the flarae (190). 

SECTION n. 
Soda (NaO). 

A solution of sulphate of soda (JVaOjiS'Oj+lO Aq) 
may be used. 

188. (C) An alcoholic solution of bichloride of pla- 
tinum (PtOl^) gives no precipitate in Bolutiona of soda 
salts, even when they are concentrated. If the mixture, 
however, be allowed to evaporate spontaneously, deli- 
cate yellow needle-shaped ciystals of the double chloride 
of sodium and platinum (KaCljPtCL) will gradually 
form, which are so totally difterent in appearance from 
the coiTesponding potash compound (185), besides being i 
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readily soluble in water and alcohol, that the two cannot 
be mistaken for each other. 

189. (C) Antimoniate of potash {KO,SbO^) when added 
to soda salts, either neutral or containing a slight excess 
of alkali, produces a white crystalline precipitate of an- 
timoniate of soda (NaO,Sb05) (184). If the soda salt 
under examination contains an excess of acid, it should 
be neutralized with potash before the addition of the 
antimoniate, as otherwise a precipitate of antimonic 
acid (HOjSbOg) or biantimoniate of potash (KO,2Sb05) 
mi^ht be produced, owing to the decomposition of the 
antimoniate by the free acid. 

It is necessary, in employing this test, that both it 
and the soda solution should be tolerably concentrated, 
as otherwise no precipitate will be produced (184). 

190. (C) When a fragment of a salt of soda is heated 
before the blowpipe, it communicates an intense yellow 
tolor to the flame ; the same color is produced, also, 
when alcohol is mixed with a solution of soda, and 
burnt. 

191. Neither hydrosulphuric acidy hydrosulphate of 
ammonia^ nor an alkaline carbonate, produce any preci- 
pitate in solutions of soda, neither does tartaric acid 
(186). 

SECTION III. 

Ammonia (^NJB^) or with one equivalent of water , which all its 
salts with oxygen acids contain (^NH^O), 

A solution of muriate of ammonia {NH^Ol) maybe used. 

192. (C) When heated on platinum foil, the salts of 
ammonia are all decomposed ; and (unless the acid, like 
the phosphoric or boracic, is fixed at a red heat) vola- 
tilize completely, leaving, if pure, no fixed residue. 
They may be in this way readily distinguished from the 
salts ofpotash and soda. 

198. Like potash and soda, ammonia gives no precipi- 
tate with hydrosulphuric acid, hydrosulphate of ammonia, 
or an alkaline carbonate. 

194. (C) Bichloride of platinum {PtOl^ throws down 
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Fig. 68. 



in ammoniacal solutions, which are not very dilate, a 
yellow crystalline precipitate of the double chloride of 
platinum and ammonium (NH^CljPtCLj), which is very 
similar in appearance to that produced in solutions of 
potash (184, 186). 

If we are doubtful whether the precipitate obtained 
by this t^st is due exclusively to ammonia, or whether 
it contains any potash, the precipitated double chloride 
may be ignited, and the residue digested in water ; if 
the solution thus obtained give any precipitate with 
nitrate of silver, potash is present. The reason is this : 
the ammoniacal compound (!NH4Cl,PtCl2) leaves, after 
ignition, nothing but metallic platinum; while the 
potash compound (KCl,PtCl2) leaves a mixture of me- 
tallic platinum and chloride of 
potassium, the latter of which, 
when dissolved in water, and 
tested with nitrate of silver, gives 
a precipitate of chloride of silver 
(AgCl) (429). 

195. (C) The salts of ammonia 
are all decomposed when gently 
heated in a test-tube^ with a solu- 
tion of cauBtic potash or sodOj or 
Ld with hydrate of lime (CaO,HO). 

^Y <|i^^*>v The fixed alkali here combines 

^^^^"' ft*- with the acid of the ammoniacal 

salt, on account of its superior 
affinity, and sets free the ammonia. 

NH40,S08+jK:0=KO,S03+NH,+.ffO. 

The presence of the free ammonia in the upper part 
of the tube may be proved, 

{a) By its well-known odor ; 

(6) By its alkaline reaction on turmeric and reddened 
litmus-paper, which should be previously moistened, 
and then held within the tube, care being taken that it 
docs not touch any part of it; and 

{c) By the production of dense white fumes of muriate 
of ammonia (OTI^Cl), when a rod moistened with dilute 

* When a liquid is to be boiled in a test-tube, the latter may be con- 
veniently held in a loop of paper or cloth, as shown in Fi<r. 68. 
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hydrocliloric acid (JlCfl) is held near.tlie mouth of the 
tube. 

196. Tartaric acid (2 HO, C^H^O^^ behaves with ammo- 
nia in the same way as with potash, throwing down a 
colorless crystalline precipitate of bitartrato of am- 
monia (iNB^OjHOjCgH^Oio), which is, however, rather 
more soluble than the bitartrate of potash (186). 

Summary of Class L 

197. From the experiments now described, it appears 
that the three alkalies may be distinguished from other 
metallic oxides by their producing no precipitate with 
eitiier hydrosulphric acid, hydrosulphate of ammonia, 
or an alkaline carbonate ; one or more of which causes, 
as we shall presently see, a precipitate with all other 
bases. Hence, if we have a solution which we know 
to contain some inorganic saline matter, and we find no 
precipitate produced in it on the application of those 
tests, we conclude that the base of the salt is either 
potash, soda, or ammonia. 

For the purpose of distinguishing between the three 
alkalies themselves, we may first test for ammonia, by 
heating with potash (195). If this is absent, add to a 
tolerably concentrated solution some bichloride of plati- 
num or tartaric acid (185, 186), which will enable us 
to distinguish between potash and soda. If these tests 
give no precipitate, it is probable that the base is soda ; 
which may be confirmed by the behavior of the solution 
with antimoniate of potash (189), and by allowing the 
mixture with bichloride of platinum to evaporate spon- 
taneously, when, if yellow needle-like crystals appear, 
the presence of soda may be considered certain (188). 



CHAPTER in. 

METALS BELONGING TO CLASS II. 
Magnesia^ Limey Baryta y and Strontxa, 

198. These bases are distinguished from the alkalies 
by the insolubility of many of their salts, especially their 
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carbonates and phosphates ; so that when treated with 
carbonate or phosphate of soda, they furnish copious 
precipitates. 

SECTION I. 
Magnesia (MgO). 



A solution of the sulphate {MgOyS.O^-\-^ Aq) is the most 
convenient for the following experiments. 

199. Neither hydrosulphuric acid nor hydromlphaJte of 
ammonia ^YQ any precipitate in solutions of magnegda.^ 

200. (0) Ammonia {NS^ when added to a neutral 
solution of magnesia, separates a portion of it in the 
form of hydrate (MgO,HO), which appears as a bulky 
white precipitate. 

The rest of the magnesia remains in solution, in com- 
bination with the ammonia and acid, forming a soluble 
double salt of ammonia and magnesia {NHJ)jMg Oj2SO^. 
Most of these double salts of ammonia and magnesia 
being soluble in water, and being usually formed when 
ammoniacal salts are present in excess, the latter have 
a strong tendency to interfere with the action of the 
reagents, which in the absence of ammonia produce a 
precipitate. For example, if the solution of magnesia 
be mixed with muriate of ammonia {NH^Cl) and then 
tested with ammonia as above, no precipitate is pro- 
duced. 

201. Collect on a filter, and wash with distilled water, 
a little of the precipitated magnesia obtained in the last 
experiments, and place it while moist on yellow tur- 
meric paper ; the magnesia being very slightly soluble 
in water, has an alkaline reaction, and turns it brown. 

202. Solution of caustic potash [KO) precipitates hy- 
drate of magnesia (MgO,HO), especially if the mixture 
is heated. 

3fffO,SO^-{-KO+HO=UgO,nO+KO,S03. 

' When, as is sometimes the case, the hydrosulphate contains free 
ammonia, it may cause a slight precipitate (200). 
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Ammoniacal salts (as muriate of ammonia), if present 
in the solution, prevent the formation of this precipitate, 
or, if added subsequently, often redissolve it. 

203. Carbonate of potash [KOj CO^) gives a white pre- 
cipitate, consisting of basic carbonate of maojnesia 
(4MgO,3C02H-4Aq). A portion of the magnesia re- 
mains in solution as bicarbonate, which when boiled is 
decomposed, and the neutral carbonate (MgO,C02) 
being insoluble, is precipitated. Ammoniacal salts, if 
present, prevent the formation of these precipitates, 
and redissolve them if subsequently added. 

204. Carbonate of ammonia {iNH^Oj'&CO^ gives no 
precipitate unless the solution is boiled, and not even 
then unless it be added sparingly. 

205. Sulphuric acid {HO^SO^ or sulphate of soda 
{NaO^SO^j produces no precipitate in solutions of 
magnesian salts, since the sulphate of magnesia is 
soluble in water. 

206. (C) Phosphate of soda {2NaO,B'0,PO,) gives a 
white precipitate of phosphate of magnesia (2MgO,HO, 
PO^ provided the solution is not very dilute, and espe- 
ciaUV on boiling. 

Tne addition of ammonia or its carbonate to the mag- 
nesian solution, renders the phosphate of soda a far 
more delicate test than when used alone, because under 
those circumstances the double phosphate of ammonia 
and magnesia (2MgO,NH40,P05+12Aq) is produced, 
which is less soluble than the phosphate of magnesia, 
and is consequentlv thrown down from a more dilute 
solution than would furnish a precipitate with phos- 
phate of soda alone. If the solution is very dilute, the 
precipitate does not appear at once, but if allowed to 
stand some little time, a crystalline deposit of the double 
phosphate gradually separates (184). Agitation of the 
Rquid with a glass rod hastens the formation of this 
precipitate ; and it is remarkable that if the tube be 
rubbed at all with the rod during agitation, lines of 
minute crystals are there first deposited. The same 
phenomenon occurs in the case of the bitartrate of 

Sotash and others, in which the precipitate is slowly 
eposited from a dilute solution. 
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As the double phosphate is readily soluble in an ex- 
cess of acid, and slightly so in water, it is necessary 
that the solution should be pretty strongly ammonia- 
cal. 

It will be observed that in this test, the eflfect of am- 
moniacal salts in the solution is the reverse of that 
before described (200). When mixed with ammoniacal 
salts indeed, magnesia can be precipitated only by a 
soluble phosphate. 

If the double phosphate be ignited, it is decomposed 
into phosphate of magnesia (2MgO,P05), the ammonia 
and water being expelled. 

207. Oxalate of ammonia {NHfiyC^O^ gives, in toler- 
ably strong solutions, a white precipitate of oxalate of 
magnesia (MgO,C203), provided no other ammoniacal 
salts are present. 

208. (C) Baryta water {Ba in water) graduallj^ throws 
down a white precipitate of hydrate of magnesia (MgO, 
HO) (184). If the sulphate of magnesia oe used, the 
insoluble sulphate of baryta (BaOjSOj) will be thrown 
down at the same time. 

209. (C) When magnesia or one of its salts is mois- 
tened with a solution of nitrate of cobalt {CoO^NO^y 
and strongly heated before the blowpipe, the mixture 
assumes a pale flesh or rose color. 

SECTION IL 
Lime (CaO). 



A solution of chloride of calcium {CaCt) or nitrate of 
lime {CaOyNOf-\-ZA^ maybe used with the liquid 
tests. 



210. Place a small fragment of caustic lime on mois- 
tened turmeric paper ; the brown color which is pro- 
duced shows the alkaline nature of lime. 

211. Hydrosulphuric acid and hydrosulphate of am' 
monia give no precipitate in solutions of salts of lime. 

212. Ammonia produces no precipitate. 
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213. Potash {KO) throws down a white precipitate of 
hydrate of lime from concentrated solutions, which re- 
diBsolves when treated with a large quantity of water. 

If any of the precipitate is insoluble when treated 
with water, it is probably owing to the potash contain- 
ing a little carbonate, wnich would cause the formation 
of the insolj^ble carbonate of lime (214). K the solution 
of hydrate of lime be exposed to the air, it gradually 
absorbs carbonic acid, and a deposit of carbonate of 
lime takes place, which dissolves with eftervescence in 
dilute hydrochloric acid. 

214. (C) Carbonate of pota;%h {KO^CO^ throws down 
a copious precipitate of carbonate of lime (CaO,C02), 
which is readily soluble with effervescence in dilute hy- 
drochloric or nitric acid. 

CaCl+KO, CO,=CaO,COa+ JSTCZ. 

The quantity of the precipitate increases on boiling 
the mixture ; and its formation is unaffected by the pre- 
sence of ammoniacal salts. 

215. Sulphuric acid {SOjSO^) or sulphate of soda {Na 
OjSO^f when added to concentrated solutions of lime, 
give an immediate white precipitate of sulphate of lime 
(CaO,S03+2Aq). 

, If the solution is not concentrated, the precipitate 
may not appear at once, but will gradually separate in 
the form of minute crystals (184); and if the solution is 
very dilute, no precipitation will take place, because the 
sulphate of lime, being soluble in about 500 times its 
weight of water, remains dissolved if sufficient water is 
present. In solutions of sulphate of lime, of course no 
precipitate is produced by either of these reagents. 

216. (C) After having thrown down the sulphate of 
lime, pour the mixture on a filter, and test the filtered 
solution with oxalate of ammonia (218) ; sufficient of 
the sulphate will have been retained in solution to give 
a veiy perceptible precipitate with the oxalate. For 
the success of this experiment, it is necessary that the 

9 



98 METALS BELONGING TO CLASS II. 

liquid is free from any excess of acid, since the oxalate 
of lime is soluble in most acid solutions ^218). 

217. Phosphate of soda {2NaO,HO,PO^ gives, in neu- 
tral or alkaline solutions of lime, a white precipitate of 
phosphate of lime (8CaO,3P05), which is readily soluble 
in dilute hydrochloric acid, and reprecipitated from the 
acid solution when neutralized with ammonia.^ The 
presence of ammonia does not, as in the case of mag- 
nesia (206), facilitate the formation of this precipitate. 

218. (C) Oxalate of ammonia (NJI^OyOzO^ is an ex- 
tremely delicate test for lime. When added to a solu- 
tion containing it even in a highly diluted state, a 
copious white precipitate of oxalate of lime (CaOjC-Oj 
+2Aq) is produced, which is one of the most insoluble 
salts with which we are acquainted. 

It is necessary that the solution should contain no 
excess of acid, as the oxalate of lime is soluble in acid 
solutions ; acetic and oxalic acids, however, do not dis- 
solve it. 

219. If alcohol, containing a salt of lime in solution, 
is burnt, the flame has a reddish tinge, less crimson, 
however, than that caused by strontia under the same 
circumstances (236). The salts of lime also communicate 
a similar color to the blowpipe flame. 

SECTION III. 
Baryta (BaO). 



A solution of chloride of barium {BaOl-\-2Aq) may be 

used with the liquid tests. 

220. JSydrosulphuric acid and hydrosulphate of am- 
monia produce no precipitate with salts of oaryta. 

221. Ammonia^ when free from carbonate, gives no 
precipitate. 

222. Potash {KG) in dilute solutions gives no preci- 
pitate ; but if the baryta solution be concentrated, it 

' If the phosphate of soda be added drop by drop to an excess of 
chloride of calcium, the precipitate consists of (2CaO,IIO,P05). 
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throws down a bulky crvstalline precipitate of hydrate 
of baiyta (BaO,HO,+9Aq), which redissolves if water 
be added. 

223. Carbonate of potash (K0,002), smd carbonate ot 
ammonia {2NH^0jW0^ throw down a white precipitate 
of carbonate of baryta (BaOjCOg). 

When sesquicarbonate of ammonia is used, the solu- 
tion should be mixed with a little free ammonia, and 
boiled, to decompose any bicarbonate of baryta, which, 
if present, would remain dissolved. The precipitated 
carbonate is readily soluble with effervescence in dilute 
hydrochloric or nitric acid. 

224. (C) Sulphuric acid {HO,SO^) and sulphate of soda 
{NaOySO^) produce in solutions of baryta a copious 
white precipitate of sulphate of baryta (BaO,S03) even 
in very dilute solutions. 

BaCl+NaOjSO^=BtiOjSO^+KaCl. 

m 

This precipitate is quite insoluble in hydrochloric and 
nitric acids, and thus differs from the carbonate formed 
in the last experiment. 

225. (C) Solution of sulphate of lime {OaO,SO^ throws 
down an immediate precipitate of sulphate of baryta 
(BaO,SOs). This is the most convenient form of apply- 
ing a verjr dilute solution of a sulphate (sulphate of 
lime requiring about 600 times its weight of water to 
dissolve it), and serves to distinguish baryta from strontia 
(233). 

226. Phospihate of soda {2NaO,EOyPO^ causes a 
white precipitate of phosphate of baryta (2BaO,HO, 
PO^), which is soluble in free acids, but is reprecipitated 
when the acid solution is neutralized with ammonia. 

2i?aCZ+2iVaO,fi'0,P05=2BaO,HO,P05+2iVaa. 

The presence of ammoniacal salts does not affect the 
formation of this precipitate. 

227. Oxalate of ammonia {NH^O^C^O^ throws down a 
white crystalline precipitate of oxalate of baryta (BaO, 
CjOj) if the solution is not very dilute (184). It re- 
quires a much stronger solution of baryta than of lime 
to cause a precipitate with oxalate of ammonia. The 
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oxalate of baryta, like that of lime, is readily soluble in 
free acids. 

228. The flame of alcohol, containing a baryta salt, 
has a yellowish color, in which respect it differs from 
lime and strontia (219, 236). 

SECTION IV. 
Strontia (SrO). 



A solution of nitrate of strontia (ASrO,JV05) maybe used. 

229. Neither hydrosulphuric acid nor ht/drosulphate 
of ammonia produce any precipitate in solutions of 
strontia. 

230. Ammonia and potash behave with solutions of 
strontia as with those of baryta ; from concentrated 
solutions, potash throws down the white hydrate of 
strontia (SrO,HO). 

231. Alkaline carbonates also act as with solutions of 
baryta (223), carbonate of strontia (SrO,C02) being pro- 
duced. 

232. (C) Sulphuric acid {JlOySO^) and sulphate of soda 
{NaOjSO^ throw down a white precipitate of sulphate 
of strontia (SrOjSOj) immediately, if the solution is not 
very dilute, and after standing a short time if it is so ; 
in the latter case, the precipitated sulphate is in the 
form of minute crystals. 

233. (C) Solution oi sulphate of lime {CaO^SO^ gives 
no immediate precipitate in solutions of strontia, but if 
allowed to stand, sulphate of strontia gradually sepa- 
rates. Strontia may thus be distinguished from baryta 
(226). 

234. Phosphate of soda {2NaO,EO,PO^ behaves with 
solutions of strontia as with those of baryta (226). 

236. Oxalate of ammonia (NH^O^C^O^ ^ye^ a white 
precipitate of oxalate of strontia, in strong solutions, 
but not in dilute. 

236. The flame of alcohol in which a salt of strontia 
is dissolved, or which contains some of the aqueous 



METALS BELONGING TO GLASS III. 101 

solution, assnmes a beautiful carmine color, especially 
if the mixture is stirred. The color of this flame should 
be compared with that produced when the alcohol con- 
tains lime (219). When a salt of strontia is heated 
before the blowpipe, the same carmine color is com- 
municated to the flame. 

Summary of Class II. 

237. Supposing we have in solution a salt of odc of 
the metals belonging to this class — yiz. magnesia, lime, 
baryta, or strontia, we should be able, without aoy 
difficulty, by applying a few of the most characteristic 
tests, to ascertain which individual of the class it is. 
Thus we should find that a solution of hydrosulphate 
of ammonia gave no precipitate, and that an alkaline 
carbonate gave a white one; from which we should 
infer that the metal belongs to Class U. We miffht 
then test it with a solution of sulphate of lime, which 
would tell us whether baryta or strontia were present 
(226) ; if not, add to a very dilute solution a little oxa- 
late of ammonia, which, if the base were lime, would 
throw it down as oxalate (218). If neither of these tests 
gave any indication, add phosphate of soda and am- 
monia, when if the base is magnesia, the double phos- 
phate of ammonia and magnesia is precipitated (206). 

Before finally deciding, however, that the base is 
either of these, it is alwaj^s necessary to apply other 
confirmatory tests in addition to those just mentioned 
(639). 



CHAPTER IV. 

METALS BELONGING TO CLASS III. 

Alumina f Oxide of Chromium , Oxide of Zincy Protoxide of 
Manganesey Protoxide of Iron, Peroxide of Irmi, Oxide of 
Nickelf and Oxide of Cobalt. 

288. The metals of the third class are distinguished 
from those of the first and second, in being precipitated 
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from their neutral solutions by hydrosulphate of am- 
monia ; and from those of the fourth class in being nn- 
affectedr (with the partial exception of peroxide of iron 
(278) ) wnen their solutions, containing a slight excess of 
acid, are treated with hydrosulphuric acid. 

SECTION L 
Alumina (Al^Oj). 



A solution of sulphate of alumina (Al^O^^SSO^+lSAq) 

may be used. 

239. Hydrosulphuric acid gives no precipitate either 
in a neutral or acid solution of alumina.* 

240. (C) Hydrosulphate of ammonia (NH^S^HS) when 
added to a» neutral solution, gives a white precipitate of 
hydrate of alumina (AlgOgjSHO), and hydrosulphuric 
acid is at the same time liberated. 

+GHS. 

241. (C) Ammonia {NH^ throws down a bultjr white 
gelatinous precipitate, which consists chiefly of hydrate 
of alumina (AlgOgjSHO) with a small admixture of am- 
monia, and a basic salt of alumina ; which may be said 
to be insoluble in an excess of ammonia, although with 
a very large excess, and under peculiar circumstances, 
a portion of the precipitate occasionally redissolves. 

242. (C) Potash {KO) also gives a precipitate of hy- 
drate of alumina, which, like that caused by ammonia, 
usually contains a little basic salt: it differs from it, 
however, in being entirely soluble in an excess of the 
precipitant. If the solution in potash is mixed with 
muriate of ammonia {NHJJVjy the alumina is again pre- 
cipitated. 

Al^0^,Z80^+Z{K0yH0)=^h\jdj,fiIL0,-\-ZK0,S0^. 

243. Carbonate of potash {KOyCO^ and carbonate of 

' In most cases of qaalitative analysis, hydrosulphuric acid may be 
applied in the state of solution in water (700). 
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ammonia {2NH^0^Z00^ give a precipitate of hydrate of 
alumina, which is insoluble in excess. 

244. Sulphuric acid and sulphate of soda give no pre- 
cipitate in solutions of alumina. 

246. (C) If a salt containing alumina be moistened 
with a solution of nitrate of cobalt {CoO^NO^^ and 
heated on charcoal before the blo\\T)ipe, it assumes a 
beautiful sky-blue color, which is very characteristic, as 
no other substance gives so decided a color, though 
silica acquires under the same circumstances a tmt 
somewhat similar, but much less intense. The blue 
color is best seen by daylight, after the mass has cooled, 
as by candlelight it appears violet. 

SECTION II. 
Oxide of Chromium (CrjOg)." 



A solution of sulphate of chrome {Or20^^SSO^ may be 

used. 



246. Sydrosulphuric acid produces no precipitate 
either in neutral or acid solutions. 

247. (C) SydroBulphate of ammonia (NH^S^HS) when 
added to neutAl solutions of oxide of chromium, throws 
down a dark green precipitate of hydrated oxide of 
chromium (Cr203,3HO), which is insoluble in excess. 

248. (C) Ammonia {■N'H^ also produces the same pre- 
cipitate (CrgOgjSHO), a small portion of which redis- 
Bolves in an excess of ammonia, forming a pale pinkish 
solution, but is again precipitated when the mixture is 
boiled. 

249. (C) Potash {KG) also throws down the hydrated 

' It is remarkable that several of the compoundS| both soluble and 
insolable, of oxide of chromium, which are green by daylight, appear 
of a reddish-purple color when seen by candlelight. This peculiar form 
of dichroism is seen to great advantage in a solution of the oxalate of 
chrome, which is green by daylight, biit if held between a candle and 
the eye, appears purplish crimson. What is still more remarkable is, 
that if a green object, such as a tree or field, be viewed by daylight 
through the green solution, it appears of a bright reddish-purple color. 
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oxide, which is soluble in excess, forming a green sola* 
tion ; if the alkaline solution be boiled for a length of 
time, the hydrated oxide is again precipitated, leaving 
the liquid colorless. 

260. Carbonate of potash {KOyCO^ ^ves a dull green 
precipitate of subcaroonate of chromium, which redis- 
solves in large excess of the precipitant. 

251. (C) Oxide of chromium, when heated before the 
blowpipe with borax or microcosmic salt, either in the 
inner or outer flame, ftises into an emerald-green bead. 

262. (C) If it is heated with a mixture of nitrate of 
potash (K0,N05) and carbonate of soda (NslO^CO^j a yel- 
low bead of alkaline chromate is formed. Here a por- 
tion of the oxygen of the nitric acid combines with the 
oxide of chrommm (CrgOg), converting it into chromic 
acid (CrjOg) or rather (CrOa), which combines with the 
potasn or soda, forming an alkaline chromate (KO,Or 
0,). K the bead be dissolved in water acidulated with 
a little nitric acid, the solution will give with salts of 
lead a bright yellow precipitate of chromate of lead 
(PbO,Cr03) (363). 

SECTION in. 
Oxide of Zinc (ZnO). 



A solution of sulphate of zinc (ZnO^SO^TAq) may be 

used. 



253. Hydrosulphuric acid (hs), when added to a neu- 
tral solution of zinc, causes the precipitation of a por- 
tion of it as sulphide (ZnS). This test, however, for 
reasons which will afterwards appear (641), is usually 
applied to solutions containing a slight excess of hy- 
drochloric or some other acid. JFor this purpose, acidify 
a little of the solution in a test-tube with a drop or two 
of hydrochloric acid {HOT) and then test it v^ith hydro- 
sulphuric acid ; it will in this case produce no precipitate. 

254. (C) Hydrosulphate of ammonia {NH^S^HS) when 
added to a neutral or alkaline solution of zinc, gives a 
copious curdy precipitate of sulphide (ZnS), which if 
the zinc salt be pure, is white ; but if, as is frequently the 
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case, any iron is present, the precipitate will be more 
or less colored, owing to the admixture of a little of the 
black sulphide of iron (FeS), 

255. (C) Ammonia (Nff^) throws down a white gelati- 
nous precipitate of hydrated oxide of zinc (ZnO,HO), 
which is readily soluble in excess. 

If the ammoniacal solution of the oxide be treated 
with hydrosulphuric acid, the white sulphide (ZnS) is 
thrown down. 

256. (0) Potash {KO) behaves in the same manner as 
ammonia, giving a precipitate (ZnO,HO), soluble in 
excess. Hydrosulphuric acid throws down the white 
Bolphide from the potash solution. 

257. Carbonate of potash {K0,00^ gives a white pre- 
cipitate of basic carbonate of zinc (3 (ZiiO,HO)H-2(ZnO, 
COj) ), which is insoluble in an excess of the carbonate. 
Ammoniacal salts in solution prevent the formation of 
this precipitate, since they combine with the oxide of 
zinc> forming double salts, which are soluble in water. 

258. Carbonate of ammonia {^NH^O^ZCO^ in small 
quantii^ throws down the basic carbonate of zinc (3 
(ZnO,HO)+2fZnO,C02)), which readily redissolves in 
an excess of tne ammoniacal salt. 

259. Sulphuric acidy and sulphate of soda, give no pre- 
cipitate in salts of zinc, because the sulphate of zinc is 
soluble in water. 

260. (C) When oxide of zinc or any of its salts are 
mixed with carbonate of soda, and heated on charcoal 
in the inner flame of the blowpipe, the zinc is reduced 
to the metallic state, in which conditign it is volatilized 
by the heat, and reoxidized while passing through the 
cater flame; the oxide thus produced is in part de- 
posited on the charcoal in the form of a pale yellow in- 
croBtation, which on cooling becomes white (116). 

261. (C) If oxide of zinc or its salts be moistenea with 
a solution of nitrate of cobalt {CoO,NO^) and heated in 
the outer blowpipe flame, the mixture assumes a pale 
green color, which is very characteristic. Zinc can in 
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this way be readily distinguislied from other substances, 
especially from alumina and magnesia (245, 209). 

SECTION IV. 
Protoxide of Manganese (MnO). 



A solution of sulphate of manganese {MnOySO^-^-TAq) 

may be used. 

262. HydroBulphuric acid (HS), when added to an aci- 
dified solution (lormed by adding a few drops of hydro- 
chloric acid to a little of the solution in a test-tube), 
gives no precipitate. K the solution is neutral, a par- 
tial precipitation of sulphide (MnS) takes place. 

263. (C) Rydrosulphate of ammonia (NH^SyHS) gives 
in neutral solutions a flesh-colored gelatinous precipi- 
tate of sulphide of manganese (MnS), which is insoluble 
in excess. K this precipitate be exposed to the air, it 
is gradually decomposed, and is converted into the dark 
brown hydrated sesquioxide of (Mn203,2HO), in con- 
sequence of the strong aflinity of manganese for oxygen, 
which it absorbs from the air. 

264. (C) Ammonia (iVBg) throws down a white or pale 
flesh-colored precipitate of hydrated protoxide of manga- 
nese (MnOjHO), which if exposed to the air becomes 
brown, owing to the formation of the sesquioxide 
(Mn203,2HO), as in the last experiment. 2(MnO,HO) 
+o=Mn203,2HO. 

If muriate of ammonia {NHJJt) is present in the solu- 
tion, it prevents the precipitation of the hydrated prot- 
oxide ; or, if added subsequently, redissolves it, owing 
to the formation of double salts of ammonia and manga- 
nese which are soluble in water. K the ammoniacal 
solution be exposed to the air, the brown sesquioxide 
is gradually precipitated. 

265. Potash {KG) behaves as ammonia in solutions 
of manganese : the presence of muriate of ammonia, 
however, does not altogether prevent the precipitation 
of the protoxide. 

266. Carbonate of potash {KO,CO^ or of ammonia 
{2NI[^0yB00^ throws down a white precipitate of car- 
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bonate of manganese (MnO,C02), which is less prone 
to blacken on exposure than the hydratcd oxide. 

267. (C) When compounds of manganese are mixed 
with carbonate of soda (NaOjCOg) and heated on pla- 
tinum wire in the outer flame of the blowpipe, the 
manganese becomes more highly oxidized and is 
changed into manganic acid (MnOj) ; this combines with 
the soda to form manganate of soda (]S'aO,Mn03), which 
has a characteristic green color. The change is pro- 
duced Btili more rapidly if a little nitrate of potash 
(KOjNOg) be added to the mixture. 

268. (C) When mixed with borax (NaO,2BO3+10Aq) 
or microcosmic salt (N"aO,NH^O,HO,P06+8Aq), and 
heated in the outer flame of the blowpipe, the salts of 
man^nese form beads of an amethyst purple color, 
whicm is due to the formation of the red oxide (MngO J. 
If the mixture be heated in the inner flame, the color 
disappears, owing to the reconversion of the red oxide 
into protoxide (MnO) ; this loss of color takes place 
most readily with microcosmic salt. 

SECTION V. 
Protoxide of Iron (FeO). 



A solution of protosulphate of iron {FeO,SO^+7Aq) 

may be used. 

269. On account of the strong tendency of the prot- 
oxide of iron to absorb oxygen on exposure to the air, 
and become sesquioxide, especially in aqueous solu- 
tions of its salts, it is difficult to retain the protosalts in 
solution without some admixture of sesquioxide ; so that 
in testing them, the indications of some of the reagents 
are frequently more or less different from those caused 
by a pure protosalt. If the solution of a protosalt be 
boiled with nitric acid, the protoxide is wholly converted 
into peroxide. 6Fe 0+NO,=SFe^ Og+NO^. 

270. Ht/drosulphuric acid (HS) produces no precipitate 
in acidified solutions of protoxide of iron : a slight pre- 
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cipitation of sulphide (FeS) takes place, however, in 
neutral solutions of some of its salts, especially when 
the acid with which it is in combination is a feeble 
one. 

271. Hydrosulphate of ammonia {NH^S^HS) when 
added to neutral solutions of protoxide of iron, throws 
down a black precipitate of sulphide (FeS), which is 
insoluble in excess. 

272. (C) Ammonia {NH^ gives a precipitate of hy- 
drated protoxide of iron (FeO,HO), which is at first 
nearly white, but almost immediately becomes greenish. 
K this precipitate be exposed to the air, it absorbs oxy- 
gen, and is changed into hydrated sesquioxide or per- 
oxide (FcjOajSHO) which has a reddish brown or rust 
color. Muriate and some other salts of ammonia, pre- 
vent the precipitation of the protoxide by ammonia, 
forming a solution of a double salt of ammonia and iron, 
from which the hydrated peroxide is gradually precipi- 
tated if exposed to the air. 

273. Potash {^0) behaves as ammonia. 

274. Carbonate o/j^otash {KO^OO^ produces a precipi- 
tate of carbonate of iron (FeO,C02) which is similar in 
appearance to the hydrated protoxide (272). 

275. (C) Ferrocyanide of potassium [K^^FeCy^-^-^Aq^^ 
throws down in solutions of protoxide of iron, a preci- 
pitate (KFe32FeCy3) which is at first almost white, but 
rapidly changes to pale blue ; the color becomes darker 
on exposure to the air, owing to the absorption of oxy- 
gen, which combines with the potassium and a portion 
of the iron, forming at the same time Prussian blue 
(Fe.SFeCyg) (282). This change takes place almost im- 
mediately if a little nitric acid or chloride of lime be 
added to the mixture. 

276.^ (C) Ferridcyanide of potassium {K^^Fe^Cy^^ Ijro- 
duces in solutions of the protosalts of iron, a beautiful 

* Ferrocyanogen (FeCjs) which is here combined with potassium, is 
a hypothetical radical composed of iron iu a peculiar state of combina- 
tion with cyanogen (O^N). — See Fownes* Manual of Chemistry, p. 517. 

« Ibid. p. 621. 
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dark blue precipitate, similar in appearance to Prussian 
blue, consisting of ferridcyanide of iron (FejjFcgCjg). 

277. When heated with borax before the blowpipe, 
salts of iron form beads which in the oxidizing name 
become orange, and in the reducing flame green; 
the color being due to the iron in a higher or lower 
state of oxidation. 

SECTION VI. 
Peroxide or Sesquwxide of Iron (Fe^Oj). 



A solution of the perchloride of iron (Fe^Cl^) may be 

used. 



278. Hydromlphuric acid (HS) causes in neutral or 
acidified solutions of the persalts of iron, a slight preci- 
pitation of sulphur, which gives the solution a milky ap- 

Searance. This is owing to the decomposition of hy- 
rosulphuric acid by the peroxide of iron, the hydrogen 
combining with a portion of its oxygen, reducmg it to 
the state of protoxide, while the liberated sulphur is 
precipitated m a finely divided state. 

279. Hydro9ulphate of ammonia {NH^S^HS) separates 
the whole of the iron from solutions of its persalts, as 
the black sulphide (FeS), the same compound as that 
produced in the protosalts. The peroxide {Fe^O^ is in 
fitct first converted into the protoxide (FeO) by the de- 
oxidizing affinity of the hydi'ogen and sulphur in the 
hydrosulphate, so that the subsequent change is the 
same as that produced in the protosulphate (271). If 
the solution of iron is very dilute, no precipitate ap- 
pears at first, but the solution becomes green, and if 
allowed to stand a considerable time, the sulphide gra- 
dually separates. 

280. (C) Ammonia {NH^ throws down the hydrated 
peroxide of iron (Fe203,3ilO), in the form of a bulky 
reddish-brown precipitate, which is insoluble in an ex- 

10 
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cess of ammonia, and is unaffected by tiie presence of 
ammoniacal salts. 

281. Potash {KO) produces the same precipitate 
(FegOgjSHO), which is insoluble in excess. 

282. (C) Ferrocyanide of potassium (K^eCy^+ZAq\ 
produces in solutions of the persalts of iron a beautiful 
precipitate of sesquiferrocyanide of iron, or Prussian 
blue (Fe,3FeCy3). 

This is an extremely delicate and characteristic test 
for the persalts of iron, as the precipitate is produced 
even in very dilute solutions. In testing for iron with 
ferrocyanide of potassium, however, it must be borne 
in mind that when added to a solution containing much 
free acid, it is partially decomposed, and a little Prus- 
sian blue is formed, even when no iron is present. As 
the presence of free alkalies also interferes with the 
formation of the blue precipitate, solutions to be tested 
with it should be as nearly neutral as possible. 

283. Ferridcyanide of potassium {K^^Fe^Oy^ produces 
no precipitate with persalts of iron ; it gives, however, a 
deep green color to the solution. 

284. When heated before the blowpipe, the persalts 
of iron exhibit the same appearances as those of the 
protoxide (277), on account of the facility with which 
the two oxides become converted into one another, ac- 
cording as they are placed in the oxidizing or the re- 
ducing flame. 

SECTION VII. 
Oxide of Nickel (NiO). 

A solution of the sulphate of nickel {NiO^SO^+TAq) 

may be used. 

285. Hydrosulphuric acid (HS) causes no precipitate 
in acidified solutions of nickel ; but if the solution is 
neutral, especially if the acid of the salt be a feeble one, 
a partial precipitation of sulphide of nickel (NiS) takes 
place. 

286. Sydrosulphate of ammonia {NE^S^ITS) throws 
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down, from neutral solutions a black precipitate of sul- 
phide (NiS) which is very slightly soluble in excess, 
giving a brownish tint to the solution. 

287. (C) Ammonia {NH^ causes a pale green precipi- 
tate of hydrated protoxide of nickel (NiO,HO) which 
redissolves when the ammonia is added in excess, 
owing to the formation of a double salt of ammonia 
and m(^<d\ {NHJ)^NiOj2SO^ which is soluble in water. 
If potash {KO) be added to the ammoniacal solution, it 
reprecipitates the hydrated protoxide of nickel. The 
presence of ammoniacal salts in the nickel solution 
prevents the precipitation by ammonia. 

288. Potash {^0) also throws down the hydrated 
oxide of nickel (N'iO,HO), which is insoluble in an ex- 
cess of potash. 

289. Carbonate of potash {KO^CO^ gives a precipitate 
of carbonate of nickel (NiOyCOj), together with a little 
hydrated oxide, insoluble in excess. 

290. Carbonate of ammonia (2N'E'^Oj3CO^ produces 
the same precipitate, which redissolves in excess. 

291. (C) Cyanide of potassium {KCyY throws down a 

I)recipitote of cyanide of nickel (NiCy), which has a yel- 
owisn green color : it redissolves in an excess of the 
alkaline cyanide, forming a dull yellow solution of the 
double cyanide of nickel and potassium {NiCy^KCy)^ 
from which the cyanide of nickel is again precipitated 
on the addition of dilute sulphuric or hydrochloric acid. 
If the acid mixture be boiled, the precipitate again 
dissolves, forming a solution of sulphate or chloride of 
nickel. 

292. (C) When heated with carbonate of soda (NaO, 
COj) or borax (]SraO,2BO3+10Aq) in the inner flame of 
the blowpipe, the compounds of nickel are reduced to 
the metallic state, forming gray-colored beads, owing 
to the minutely-divided metal being held in suspension 
by the melted flux : if the latter be dissolved out with 
water, the precipitated metal will be found to be mag- 
netic. In the outer flame with borax, the color of the 

' Cyanogen (C7) which is here combined with potassium, is a com- 
pound of carbon and nitrogen (CgN). — See Fownes' Manual of Chem- 
utcy, p. 604. 
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bead is usually violet while hot, becoming brown or 
yellow on cooling. With microcosmic salt, the bead is 
reddish while hot, but loses the color more or less en- 
tirely when cold. 

SECTION VIIL 
Oxide of Cobalt (CoO). 

A solution of the nitrate {CoO^NO^-\-QAq) or chloride 

{Cod) may be used. 

293. Hydrosulphuric acid (HSj gives in acidified solu- 
tions no precipitate. Kthe solution is neutral, a slight 
precipitation of the black sulphide of cobalt (CoS) takes 
place. 

294. Hydrosulphate of ammonia (NR^S^ES) throws 
down from neutral solutions a copious black precipitate 
of the sulphide (CoS), which is insoluble in excess, and 
also in hydrochloric acid. 

2 CoCl+NRiS,HS=2CoS+NH^Cl+ffCl. 

295. (C) Potash [KG) throws down a precipitate of a 
blue color, consistmg of basic salts of cobalt, which 
soon becomes greenish if exposed to the air, owing fo 
the absorption of oxj^gen ; and lastly, especially if the 
solution be boiled, dirty red, owing to the formation of 
hydrated oxide of cobalt (CoO,HO). The precipitate 
is insoluble in excess of potash. 

296. (C) Ammonia {Nff^) behaves as potash, but the 
precipitate readily redissolves in an excess, forming 
double salts of cobalt and ammonia, which are soluble 
in water. If the ammoniacal solution is exposed to the 
air, it gradually becomes darker, owing to the absorp- 
tion of oxygen, and formation of peroxide of cobcdt 
{Co,0,). 

297. Carbonate of j^otaah {KO,CO^ produces a pale 
pink precipitate, which is a mixture of carbonate of 
cobalt (CoO,C02) and hydrated oxide (CoO,HO). 

298. (C) Cyanide of potassium {KCy) when added to a 
solution of cobalt, especially when a slight excess of 
hydrochloric acid is present, gives a pale brown pre- 
cipitate of cyanide of cobalt (CoCy), which, when heated 
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with an excess of cyanide of potassium, readily redis- 
solves, forming a soluble double cyanide of cobalt and 
potassium {K^Co^Cy^. The addition of sulphuric acid 
causes no precipitate in this solution (291). 

299. (C) The compounds of cobalt, when fused with 
borax rNaO,2BO3+10Aq), either in the inner or outer 
flame of the blowpipe, form beads of an intense blue 
color, or if there is much cobalt present, nearly black ; 
this appearance is very characteristic. Microcosmic salt 
acts with cobalt in a similar manner, but in a less 
marked degree. When mixed with carbonate of soda, 
and heated on charcoal in the deoxidizing flame, oxide 
of cobalt is reduced to the metallic state, forming a 
magnetic powder. 



CHAPTER V. 

METALS BELONGING TO CLASS IV. 

Artenic (of which there are two oxides ^ both having acid proper- 
ties — namelyy Arsenious Add and Arsenic Acid)^ Oxide of 
Antimony f Protoxide of Mercury, Peroxide of Mercury, Oxide 
of Lead, Oxide of Copper, Oxide of Silver, Protoxide of Tin, 
Peroxide of Tin, and Oxide of Bismuth, 

800. These metals are distinguished from those of 
the three preceding classes, by being precipitated from 
their acidifled solutions when treated with hydrosul- 
phuric acid. It is remarkable that nearljr all the metals 
whose compounds are most eminently poisonous belong 
to this class, and as these are the most important, especi- 
ally to the medical student, they are placed first, and de- 
scribed in the order of their importance. The oxides 
of arsenic, though possessing acid properties, and con- 
iBequently belonging strictly to the chapter on acids, 
have so many peculiarities in common with this class 
of oxides, that I have included them in it. 

10* 
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Acid or Oxide of Arsenic (AsO,). 



1 



^H as I 



301. Oq account of the highly poiaonous nature 
araenic, great care should be taken, in the following i 
porimenta, not to use more than is absolutely necessary 
to exhibit its peculiarities. In all theae experiments 
(except tbose of solution), a fragment the size of a amall 
pin's head is quite auffleient. There is also anotlier ad- 
vantage in using such amall quantities — namely, that in 
most medico-legal investigations, the quantity to be 
looked for is equally or even more minute, and it is 
conaequently very important that the student should 
make himselffamiliarwiththeappearaneea which would, 
under these circumatancea, present themselves. 

301 a. (0) The following experiment should only be 
made either in the open air or in a well-ventilated room, 
on account of the poiaonous properties of the arsenic 
vapor. If a small fragment of araeniona acid be heated 
on charcoal before the blowpipe, it ia wholly volatilized, 
and a smell of garlic will generally be perceptible, es- 

Bjcially when it is subjected to the reducing flame. 
oth metallic araenic and its oxide are volatilo when 
heated, but the fumes of the latter have no smell. The 
odor of arsenic vapor appears to be due to the metal 
while undergoing oxidation, and may be caused perhaps 
by the formation of a lower oxide than the araenions 
acid ; it ia always observable when metallic arsenic is 
volatilized in contact with the air. 

302. (C) Place a fragment of arsenious acid in a nar- 
row tube (102), and apply a gentle heat with the blow- 
pipe. It sublimes without decomposition, and con- 
denses in the cool part of the tube, in the form of minute 
sparkling octohedral crystals (Fig. 69), which should be 
examined with a lens, as they are highly characteristic. 
The size and regularity of the crystals depend on the 
slowness with which the vapor la condensed. If the 
surface of the glass on which the eondensatiuu takes 
place is quite cold, the sublimate is often amorphous, 
as may be seen by holding a piece of cold glass in tha 
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fumes ffiven off by a little arsenious acid, heated on 
charcoal (301). The best way j.,g ^ 

to obtain large and well-defined a ^ 

crystals, is to ^ut a few grains ^™ ^^gl 

of arsenious acid at the bottom ^^k\3^^4 



of a common test-tube, and «^ ^ ^^ 
the lower part onljr of the tube 



allow it to stand on a tolerably 



hot sand-bath for half an hour, ^^^==yj^ f\^ 

the lower part onljr of the tube ^[^ ^ ^jr^Jg*^ 

being embedded in the sand. 4^ ^^^^g^^ 

If a small strip of flat glass be ^^ m^^^ 

also placed inside the tube, a H ^ 

SOrtion of tiie acid will con- crystal, of Arsenious AcW. 

ense upon its surface ; thus furnishing a convenient 
specimen for microscopic examination. 

808. (C) Mix a little oxide of araenic (AsOj) with 
black flux (751), which if at all damp should be previ- 
ously dried on the sand-bath, and heat a 
litde of the mixture in a clean tube before «• ' • 

the blowpipe. The arsenious acid is de- 
oxidized by the carbon of the flux, and the 
metallic arsenic thus reduced sublimes, and 
condenses in the upper part of the tube, 
forming a more or less brilliant metallic 
crust, a (Fig. 70). As03+3C=As+3co. 

If heat be now applied to the sublimate, 
it will again volatilize, and if any of the 
vapor escapes from the tube, it may be re- crust 
cognized by its characteristic odor of garlic ^^^'««°*<^ 
(801 a). 

804. (C) Cut off by means of a file, the portion of the 
tube containing the crust, break it into fragments, and 
place some of them in another tube. Sublime the 
arsenic backwards and forwards two or three times in 
the tube, and observe the gradual conversion of the 
metal into crystalline arsenious acid, which is formed 
by the action of the atmospheric oxygen contained in 
the tube. 

806. Boil a few ^ains of arsenious acid with water 
(in which it is sparingly soluble), in a flask : filter the 
solution from the undissolved portion, and retain it for 
testing. 







116 METALS BELONGING TO CLASS IV. 

306. Repeat the last experiment, with the addition 
of a few drops of solution of potash (KO) to the water, 
and observe the increased Boluhilitj of the arseiiit 
owing to the formationof areenite of potash (^OjjlgO, 
Retain the solution for testing. 

307. (C) Hydroaulphuric add (HB), when pasai . . 
through a solution of arsenious acid or of a neutnJ 
arsenite (699), causes a slow and gradual precipitation 
of tersulphide of arsenic, or sulpharsenions acid (AsSg), 
which it will be observed is analogous in composition to 
the oxide{AB03), three equivalents of sulphur being sub- 
stituted for three equivalents of oxygen. ^IgOj+oHS^ 
AsS3+3^0. 

If the solution he acidified, however, with a few dro] 
of hydrochloric acid, a much more rapid and comple 
decomposition takes place ; and if the gas be passi 
through the solution for some time, a complete sepal 
tion ef -the arsenic may in this way be eflected. The 
sulphide of arsenic thua formed has a bright light-yellow 
color; it is insoluble or nearly so in dilute hydrochloric 
acid, but readily soluble in solutions of the alkalies or 
their carbonates. Boiling nitric acid [NO^ also dis- 
solves it with decomposition, forming sulphuric and 
arsenic acids. 

308. (C) Filter the yellow sulphide formed in the last 
experiment, and dry a portion of it at a gentle heat on 
the sand-bath : mix a little of it with black flux (303), 
heat it in a tube, and observe the formation of a metal- 
lic crust of arsenic. AsS,+3(KO,COJ+2C=^Ae+3K8 

-^4C0,-i-C0. 

309. Sydrosulphate of ammonia {NH^S,ffS), when 
added to a neutral solution of an arsenite, also causes 
the formation of the yellow sulphide (AsSj which how- 
ever does not precipitate, but remains dissolved as 
the double sulphide of arsenic and ammonia {NlT^SjAa 
S^). If an acid be added in excess to the mixture, the 
sulphide of arsenic is immediately precipitated, of a 
somewhat lighter color than that tlirown down by hy- 
drosulphuric acid, owing to the admixture of a little 
sulphur derived from the hydrosulpbatc of ammonia 
(440). 
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810. (C) Nitrate {AgO,NO^) or ammonithnitrate {AgO, 
2NB^^N0^ of silver^ throws down in neutral solutions of 
arsenic, a canary-colored precipitate of arsenite of silver 
(2A^O,As03), which is soluble both in ammonia and 
nitnc acid. It must be remembered that phosphate of 
soda also produces, with nitrate of silver, a similar pre- 
cipitate, which is equally soluble in nitric acid and am- 
monia (378). 

811. (C) Sulphate {CuOySO^j or ammonio-aulphate 
{Ou0j2Nff^yH0jS0^) of copper, produces in neutral ar- 
senical solutions, a delicate green precipitate of arsenite 
of copper (2CuO, AsOj), which dissolves readily both in 
ammonia and nitric acid, forming^ a rich blue solution. 
It must be borne in mind, in employing this test, that a 
similar precipitate is produced when the solution of 
copper IS added to a liquid containing decoction of 
onions and some other vegetable substances, though 
no arsenic may be present. 

Marsh's Test. 

812. (C) It is well known that when zinc is treated 
with dilute sulphuric acid, it is oxidized at the expense 
of the oxygen of the water, and hydrogen gas is given 
off (12). Kin addition to the zinc and dilute sulphuric 
acid, either of the oxides of arsenic are present, the zinc 
abstracts oxygen from them as well as from the water ; 
and the meteUic arsenic thus formed, combines, at the 
moment of its liberation, with some of the hydrogen 
simultaneously produced, and forms a gaseous com- 
pound called araeniuretted hydrogen (Asi^g), which passes 
off mixed with the excess of hydrogen.^ 

Now if this arseniuretted hydrogen is heated strongly 
either by burning in the air, or by passing through a 
red-hot tube, it is decomposed, and metallic arsenic or 
its oxide is deposited in the solid state, while the libe- 
rated hydrogen passes off. 

* It must be borne in mind that this gas, like most of the other com- 
pounds of arsenic, is highly poisonous : so that the experiment should 
never be performed in a close room, but in the open air or in a well- 
TentilfUed apartment. 
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313. Several forms of apparatus have been contrived 
for making use of this property in the detection of 
arsenic ; — of these the following is in practice the most 
convenient : The hottle a (Pig. 71) should be capable 

of containing six or eight 
ounces of water, and is 
connected by means of a 
perforated cork with the 
tubes b and e, which should 
be about half an inch in 
diameter : to the tatter is 
attached by means of a 
cork, the tube d, which 
should be made of hard 
German glass, bent at a 
right angle, having the 
end e drawn off so as to 
diminish the aperture. A few fragments of zinc are 
placed in the bottle, and when the cork with its tubes 
18 attached, pour a little dilute sulphuric acid down the 
tube b, which should reach nearly.to the bottom of the 
hottle, and allow the gas (hydrogen) to be given off for 
five minutes.' Then neat the narrow tube with a spirit 
lamp at the point d, and observe carefully whether 
there is any deposit produced inside the tube : this pre- 
caution is necessary, since some kinds of sulphuric acid, 
and also of zinc, contain traces of arsenic. If no stain 
is produced, it may be assumed that the materials are 
pure. 

314. The solution containing (or suspected to con- 
tain) areenic, acidified with a few drops of hydrochloric 
acid, is now introduced through the tube 6, the heat 
being still applied to the narrow tube at d, as before. 
If arsenic is present in the liquid, it will cause the for- 
mation of arseniuretted hydrogen ; which on passing 
through the heated tube is decomposed, and the arsenic 
deposited, not exactly at the heated point, but a quarter 

' Tbe reason why it is not safe to apply the heat at once, ia, that & 
mixturs of hydrogen and common air is highly explosive (IT), so that 
it ia neceasaty to allow time for the whole of the common air to be ex- 
ile hydrogen ; as olherwise serions injuiy might be caused bj 
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or half an inch beyond, in consequence of its volati- 
lity. The metallic crust thus formed may be volatilized 
backwards and forwards in the tube, by heating it with 
the flame of a spirit lamp. 

815. (C) The arsenical crust may also be obtained in 
another way — ^namely, by lighting the jet of gas as it 
issues from the aperture e, and holding in the flame a 
small porcelain plate (for which purpose the lid of a 
porcelain crucible answers extremely well), when the 
metallic arsenic will be deposited in the form of a dark 
shining spot : if the porcelam plate be raised a little, so as 
to be out of the flame, the arsenic in the state of vapor 
becomes oxidized while passing through the air, and a 
white deposit of arsenious acid is formed on the plate. 
By applying heat to the dark spots, they are readily 
volatilized, and the fumes will be found to have the 
characteristic odor of garlic. 

A few of these spots should be retained for further 
examination, and for comparison with those of anti- 
mony (820\ 

816. Hold a short test-tube with the mouth down- 
wards, just above the apex 

of the flame (Fig. 72) for a Fig. 72. 

few moments, so as to col- 
lect some of the arsenious 
acid formed by the oxida- 
tion of the arsenic vapor, 
and reserve the tube for 
comparison with antimony 

(8285. — -nr 

817. Marsh's test as just if "■" 
described is so extremely " 
delicate, that it is capable 

of detecting arsenic in a solution containing the mil- 
lionth of its weight of the acid, and may be considered 
the most conclusive test which we possess. It is how- 
ever liable to this objection, which is, in practice, easily 
overcome. It is found that antimony, when present in 
a mixture of zinc and dilute sulphuric acid, combines 
with the liberated hydrogen, precisely, in the same way 
as arsenic, forming an analogous compound called an- 
timoniuretted hydrogen (SbHg) ; which when, heated, is 
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deeoinpOBGd, and the metaliic antimony ia at the sams 
time depoaited. Hence it is extremely important that 
we should be able to distinsuish accurately between 
them, Ba otherwise we sboiila not be sure whether the 
crust produced by Marsh's test were due to arsenic 
or antimony. One or two experiments are generally 
sufficient to enable ub to do this. 

318. For the pui'pose of comparison, empty the zii 
and sulphuric acid from the bottle used for the araeni 
emeriments (313), and substitute fresh zinc and aci*. 
"Wlien the gas has been coming off about five minutes 

Suote to 313), pour in a few drops of a solution of the 
louble tartrate of antimony and potash (KO,SbO^,OgS^, 
Oi^+2Aq) and apply heat as before at the point d. A 
crust of antimony will be deposited at the heated point, 
and not, as in the case of arsenic, at a little distance 
from it ; this is owing to the antimony being less vola- 
tile than arsenic, and it will be found impossible to 
volatilize it by the heat of a common spirit lamp. In 
this respect, theretbre, we are enabled in some measure 
to judge whether the stain is due to antimony or ar- 
senic. 

319. Light the jet of gas that issues from the aper- 
ture e as in (315), and hold over the flame a porcelain 
plate as before : a deposit of metallic antimony will be 
formed similar to that of arsenic, but blacker and less 
shining. 

Prepare a few of these spots for comparison with 
those of arsenic formed in (315), 

320. (C) Apply the heat of a spirit lamp to one of 
each kind of spot, and observe the superior volatility of 
the arsenic, and the garlic odor of its vapor. 

321. (C) Moisten one of each kind of spot with hy- 
droBulphate of ammonia {N'M^S,ffS) which for this pur- 
pose should contain an excess of sulphur (710), and ob- 
serve that the antimony is immediately dissolved, while 
the arsenic remains nearly unaffected tor a considerable 
length of time. This is a most valuable means of dis- 
tinguishing bet^reen them, and was first observed by 
Dr. Guy. 

822. (C) If the spots ho moistened with a solution of 
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chloride of lime (CaOCZ), the arsenic will dissolve, while 
the antimony will remain unattected. 

323. (C) The following may also be taken as a distin- 

Siishing test between the arsenic and antimony when 
arsh's process is followed. Light the jet of gas issuing 
from the apparatus, and hold over it a short tube as in 
(816), so as to collect a little of the oxide of antimony 
fflbOj) formed by the oxidation of the antimonial vapor. 
Compare the sublimate thus formed, with that of ar- 
senious acid, and observe the more crystalline appear- 
ance of the latter. When the tube is cold, pour in a 
little water, and treat the arsenious acid in the same 
waj: observe the latter dissolves in the water, while the 
oxide of antimony remains insoluble. The solution of 
arsenious acid may then be divided into three portions 
and tested ; the firist with hydrosulphuric acid (307) ; the 
second with ammonio-nitrate of silver (310) ; ana the third 
with ammonio-Bulphate of copper (311). 

These experiments, in conjunction with the other 
liquid tests, will be found sufficient to prevent the pos- 
sibility of error in the use of Marsh's test. 

Rein$cKs Test, 

824. (C) This test is founded on the circumstance that 
when a metal, such as copper, is heated in a solution of 
another metal more electro-negative than itself, the lat- 
ter is separated in the metallic state, and deposited on 
the surface of the former, which is at the same time dis- 
solved in atomic proportion. A little of the solution 
containing arsenic is acidified with a few drops of hy- 
drochloric acid, and boiled in a test-tube with a strip or 
two of clean copper foil : the arsenic, being more electro- 
negative than the copper, is deposited on the surface of 
the foil, and the whole is in this way separated from the 
solution. 

As Os4-3Cu= As-f-3 Chi 0. 

825. The appearance of a metallic deposit on the cop- 
per is not, however, necessarily a proof of the presence 
of arsenic, since other metals (as bismuth,^ silver, mer- 
cury, or antimony) would produce a similar incrustation, 
being all more electro-negative than copper. Arsenic, 

11 
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however, is readily distinguished from any of these in 
the following manner. 

Take the copper strips out of the solution, and dry 
them cautiously between folds of filtering paper, or with 
a very gentle heat : place them in a clean dry test-tube, 
and apply heat, when the arsenic will be volatilized, and, 
becoming oxidized by the air contained in the tube, 
will form a crystalline sublimate in the upper part 
(302). 

Had the deposit on the copper been either of the 
other metals (with the possible exception of antimony 
and mercury), it would not have been volatilized when 
heated: if it were mercuiy, minute globules of the metal 
would have condensed in the cool part of the tube : 
and had it been antimony, a higher degree of heat 
would have been necessary to sublime it ; — ^the subli- 
mate would have been white and amorphous instead of 
crystalline ; — and when treated with water, would prove 
insoluble, while the arsenious acid would dissolve, and 
the solution, on being tested, would show the presence 
of arsenic* 

This excellent test may be considered almost equal 
to Marsh's both in point of delicacy and freedom from 
sources of error. 

Arsenic Acid, 

326. Mix a little arsenious acid with nitre (K0,N'05) 
and heat it in a tube. The nitric acid of the nitre 
gives up a portion of its oxygen to the arsenic, forming 
arsenic acid (AsO^). 

2 A808+ 2N06=2 AsOs+NOj+NO^. 

Dissolve the fused mass in water, neutralize the solu- 
tion with dilute nitric acid, and test it with nitrate of 
silver {AgO^NO^ : a reddish-brown precipitate of ar- 
seniate of silver (3AgO,As05) ^^ thrown down, which is 
soluble in nitric acid, and also in ammonia. 

' As the hydrochloric acid of commerce frequently contains traces of 
arsenic, it is always absolutely necessary, in medico-legal investigations, 
to ascertain whether the acid employed is perfectly free from it j this is 
easily done by boiling a little of the acid, diluted with distilled water, in 
a test-tube with copper foil, which should then be dried and heated in a 
clean tube, when if arsenic is present it will sublime. 
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Detection of Arsenic in Organic Mixtures. 

827. In most cases of medico-legal investigation as to 
the presence of arsenic, we have to deal with mixtures 
containing a considerable quantity of organic matter 
both li(]^uid and solid, which seriously interferes with 
the action of the tests. Several methods have been 
employed to get rid of these matters, but the following 
is perhaps the simplest, and at the same time the most 
efiectual : it is a modification of Reinsch's test. 

If the organic mixture suspected to contain arsenic 
is fluid, it IS, previous to filtration, boiled for half an 
hour with about one-tenth of its bulk of strong hydro- 
chloric acid, the purity of which should of course be as- 
certained (see note to 325) ; and if necessary, filtered from 
any solid matter. It is then boiled with copper foil, 
when the arsenic, if present, is deposited on the copper, 
which must be subsequently heated in a tube according 
to the directions already given (326). 

If the matter to be examined is solid, it is treated 
with dilute hydrochloric acid containing about one- 
tenth of the strong acid, boiled for half an hour or an 
hour, filtered if necessary, and then boiled with copper 
as before. 

If the arsenic is present only in very small quantity, 
a quarter of an hour may elapse before the deposition 
takes place ; and if it does not then appear, the boiling 
should be continued half an hour or even longer, 
before we finally conclude that no arsenic is present. 

For further particulars on this subject, the student 
may refer to Dr. Christison's Treatise on Poisons, or to 
Dr. Guy's excellent work on Forensic Medicine. 



SECTION II. 
Oxide of Antimony (SbOj). 



For the liquid tests, a solution of the double tartrate of 
antimony and potash {KO,SbO^,0^ff^O^Q+2Aq), or of 
chloride of antimony {SbOl^) in hydrochloric acid, may 
be used. 
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328. (C) Heat a email crystal of the dotible tartrate in 
a tute, and observe that it decrepitates aiid blackens, 
owing to the decomposition of the viigetabie acid (C, 
H^O,||)aiidthecoiiscqnentdepositioii of charcoal. Ignit" 
the residue, which consists of charcoal, carbonate i 
potash, and oxide of autimouy, on charcoal in the di 
oxidizing flame of the blowpipe, when the oxide of an- 
timony will be reduced, and small globules of the metal 
will appear: a portion of the reduced metal volati- 
lizes with the heat, becomeB reoxidized while pass*. 
ing through the outer flame, and the oxide thus pi 
duced is deposited on the charcoal, either in the 
of a white powder or in ciystalline needles. 

329. (C) "When a stream of hydroaulphuric acid (hS) 
is passed through a solution of antimony acidified with 
a little hydrochloric acid, an orange-red precipitate of 
sulphide ofantimony(SbS3) is produced, which is soluble 
in alkaline solution, and difficultly so in hot hydro- 
chloric acid. If the solution is neutral, the precipitation 
takes place but imperfectly, and in alkaline solutiona 
not at all. 

330. Sydroaulphate of ammonia {NH'^S,^S) wheaJ 
added in a small quantity, gives an orange precipitate' 
of sulphide (SbSa). which redissolves in an excess of the 
hydrosulphate. If the alkaline solution thus formed be 
neutralized with an acid, the sulphide is reprecipitated, 
mixed with a little sulphur (309). 

331. Ammonia (ifffj), I'otash {KO), or their carbo- 
nates, throw down from solutions of chloride of anti- 
mony {SbCl^, but not in solutions of the double tartrate, 
a white precipitate of oxide of antimony (SbOj), which 
is soluble in excess of potash, but insoluble or nearly 
so in the other solutions. 

332. (C) If a solution of chloride of antimony in hy- 
drochloric acid he diluted with a good deal of water, a 
white precipitate of basic oxichloride of antimony (Bb 
Cl3,5SbOj) ia produced, which if allowed to stand for 
some time, becomes crystalline. 

A similar precipitate is formed under the same cir-. 
cumstaneea in solutions of bismuth (394): the bismuf 
precipitate may be distinguished by its insolubility ' 



ns 

ho ^ 





MERCURY. 125 

tartaric acid {2H0jC^H'^0iq), in which the oxichloride of 
antimony is soluble. 

883. A piece of clean zinc or copper causes a precipi- 
tation of antimony in the metallic state (824). 

884. (0) When oxide of antimony is present in a 
mixture of zinc and dilute sulphuric acid, the antimony 
is reduced and combines with the hydrogen, as already 
described in the case of arsenic (312), forming anti- 
moniuretted hydrogen (SbH,), which is decomposed 
when burnt, or when passed through a heated tube, with 
the formation of a deposit of metallic antimony. This 
experiment has already been described (818). 

Lr the methods of distinguishing between antimony 
and arsenic, see (317) to (323). 

SECTION III. 
Protoxide of Mercury (HgO). 



For the first five experiments, calomel (HgCl) may be 
used; for the rest, a solution of the protonitrate 
{JBgOjNO^ may be taken. 

885. (C) Heat a small fragment of calomel (not larger 
than a small pin's head) in a clean tube. It becomes 

Sale yellow, and, being volatile, it sublimes and con- 
enses in the upper part of the tube ; on cooling, 
the color disappears. !!!flJ^' 

886. (C) Dry a small piece of carbonate of soda 
(N'aO,C03) either in a tube or on a piece of char- 
coal ; mix with it a little calomel, and put the 
mixture into a tube, a, (Fig. 78) ; then cover it 
with a layer of carbonate of soda in powder, 
about a quarter of an inch deep, J, and apply 
heat. The calomel is decomposed, and minute 
globules of metallic mercury condense in the 
cool part of the tube at <?. 

HgG+NaO,COa=NaCl-ffl<7+0-f-G03. 

887. Boil a little calomel with distilled water in a 
test-tube; pour oft'the water into another tube, and test 

it with hydrosulphate of ammonia (340) ; no effect is 

11* 
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produced, proving that the calomel is insoluble in 
water. 

338. (C) Potash {KO) or ammonia (JVjH^) poured on the 
calomel, decomposes it, turning it black, owing to the 
formation of the protoxide (HgO). Chloride of potas- 
sium (KOI) is at the same time formed. 

Bgci+Ko^ngO+Ka. 

339. (C) Boil a little calomel in fine powder with a 
solution of protochloride of tin {SnCl): after some little 
time the mercury is reduced to the metallic state, owing 
to the strong affinity which the protochloride of tin 
has for an additional equivalent of chlorine, which con- 
verts it into the bichloride {SnOQ. 'HgG\+SnCl=Hg+ 
SnCl^. 

340. (C) When a solution, either neutral or acid, con- 
taining protoxide of mercury, is treated with hj/drosuU 
phuric acid (HS) or hydrosulphate of ammonia {Nff^Sj 
SS), a black precipitate of protosulphide of mercury 
(HgS) is thrown down, which is insoluble in dilute acids 
ana also in excess of the hydrosulphate : it is soluble 
however, in aqua regia. JSffO,NOf^+lis=BLg8+EO^ifOy 

If the precipitate, after being dried, be heated alone 
in a tube, it is decomposed into metallic mercury and 
the persulphide (HgSg). 2HgS=HgS2+%. . 

341. Ammonia (NH^) gives a black precipitate, con- 
sisting of a basic double salt of mercury and ammonia 
(Nll3,3HgO,N05), which is insoluble in excess. 

342. Potash {KO) produces a black precipitate of 
protoxide of mercury (HgO), which is insoluble in ex- 
cess. 

343. (C) Hydrochloric acid {HOl\ or a solution of 
chloride of sodium {NaCll\ throws down a white precipi- 
tate of protochloride (calomel, HgCl), which is insoluble 
in excess. 

Hg OyNOs+Na Cfl=RgC\+Na 0,NOy 

344. (C) Place a strip of clean copper in the mer- 
curial solution, and observe the deposition of metallic 
mercury (324). JIgOyNO,+Gxi=Hg+CuOjNO^. 

If the stain be rubbed, it will become bright and 
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silvery. Dry the stained copper, place it in a diy tube, 
and apply heat : the mercury sublimes, and condenses 
in minute globules in the upper part of the tube. 

SECTION IV. 
Peroxide of Mercury (HgOj,). 



The perchloride of mercury or corrosive sublimate 
(HgCljj), either solid or in solution, may be used. 

845. (C) Heat a small fragment of the perchloride in 
a tube ; it fuses, boils, and sublimes into the upper part 
of the tube. If the experiment be made on charcoal, 
the whole is volatilized. 

346. (C) Repeat the experiment described in (336) 
using the perchloride instead of calomel ; metallic mer- 
cury sublimes in both cases. 

847. Boil a little with water, in which it readily dis- 
solves, thus differing from the protochloride. 

848. (C) Test a solution of the perchloride with a small 
quanti^ of hydrosulphuric acid (HS). A white precipi- 
tate is first formed, which on ttie addition of more of the 

Erecipitant, gradually becomes darker and ultimately 
lack. This change of color is owing to the forma- 
tion first of a double compound of sulphide and chloride 
of mercury ^2Hg82,HgCl2), which is white ; and when 
the hydrosulphuric acid is added in excess, the whole 
of the mercury is converted into the black persulphide 
(HffSjj). The precipitate is insoluble in hydrochloric 
ana nitric acids, but is readily decomposed by aqua 
regia, and again converted into the perchloride. 

If the persulphide be dried and cautiously sublimed 
in a tube, it is deposited, without decomposition, in the 
form of dark red crystals of cinnabar. 

849. (C) EydroBulphate of ammonia {NH^S^ES) be- 
haves in the same way as hydrosulphuric acid. 

850. Ammonia {NH^ throws down a white precipi- 
tate, which consists of a double compound of perchloride 
and amidide of mercury (HgCl2,Hg2]N'H2).* 

' The amidides or amides, are compounds of a metal with amidogen, 
iRFhich is a hypothetical salt radical, supposed to consist of NH, ; it has, 
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351. (C) Potash {KO) gives a yellow precipitate of 
hydrated peroxide of mercury (HffOgjSHO) which is in- 
soluble in excess. If ammoniacal salts are present, the 
precipitate formed by potash is white, and consists of 
the same compound as that thrown down by ammonia 
(360). 

852. (C) When protochloride of tin {SnCT) is added in 
small quantity the perchloride is reduced to the state of 
protochloride (HgCi), which separates as a white preci- 
pitate. If the salt of tin be added in excess, and the 
mixture boiled, the mercury is reduced to the metallic 
state (339). 

ffgCl^+2SnCl==ffg+2SnClr - 

353. (C) Iodide of potassium {KI) causes a most beau- 
tiful red precipitate of periodide of mercury (Hgl^), 
which surpasses even vermilion in brilliancy of color. 
It is readily soluble in an excess of either of the solu- 
tions. 

354. (C) A strip of clean metallic copper precipitates 
mercury in the metallic state (344). 

355. Heat a small fragment of the red peroxide of 
mercury (HgOg) gently in a small tube, and observe 
that it becomes much darker in color when hoti^ and 
reassumes its former tint on cooling. K the heat be 
increased to a little below redness, the oxide is decom- 
posed into metallic mercury and oxygen, when the 
metal condenses in minute globules in the cool part of 
the tube, and the oxygen may be detected by introduc- 
ing a glowing match (109). 

SECTION V. 
Oxide of Lead (PbO). 



A solution of the acetate {PbO^C^H^O^+^Aq) or the 
nitrate {PbO^NO^ may be used. 

356. (C) When a fragment of any of the salts of lead 
(except the phosphate (412) ) is heated on charcoal in the 

however, never been obtained ia an insulated form. See Fownes' Manual 
of Chemistry, p. 266. 
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inner flame of the blowpipe, a globule of metallic lead 
is formed, which is usually surrounded by a little de- 
posit of the yellow oxide (PbO). The metallic globule 
will be found to be soft and malleable. In the oxidiz- 
ing flame, oxide of lead forms with borax and micro- 
cosmic salt, yellowish beads, which become nearly 
colorless on cooling. 

357. Mydrosulphuric acid (HS) throws down in solu- 
tions containing lead, either neutral or slightly acidified, 
a dense black precipitate of sulphide of load (PbS).^ 

If the sulphide be boiled with strong nitric acid, it is 
gradually converted into the insoluble sulphate (PbO, 
SO3), both metal and sulphur becoming oxidized at the 
expense of the nitric acid. 

858. Hydrosulphate of ammonia {NH^S^HS) produces 
the same efiect. 

369. Ammonia (NH^ and Potash (KO) throw down 
white precipitates, consisting of oxide of lead in combi- 
nation with a small quantity of acid (basic salts). 

Amnoenia produces scarcely any precipitate in a solu- 
tion of acetate of lead, owing to the formation of the 
snbacetate {^PbO^CJSC^O^^ which is soluble. 

360. Carbonate of potash {KO,CO^ givea a white pre- 
cipitate of carbonate of lead (PbO,C02), which is in- 
soluble in excess. 

361. (C) Sulphuric acid {ffO,SO^) or a solution of sul- 
phate of soda (NaOjSO^)y produces a white precipitate 
of sulphate of lead (PbOjSOg), which is insoluble or 
nearly so in acids, but soluble in potash, and also in 
acetate of ammonia {NHfi^C^H^O^. 

Pb 0,NO^^Na 0,SOji=VhO,S03+NaO,NOi. 

If the precipitate be moistened with a solution of hy- 
drosulphate of ammonia, it is instantly blackened, owing 
to the formation of sulphide of lead (PbS) : it is distin- 
ffuished in this way from the insoluble sulphates of 
baryta and strontia. 

362. (C) Hydrochloric acid {ECl\ or a solution of 
chloride of sodium {NaCl\ throws down a white and 

' Under some peculiar circumstances, this reagent throws down a red 
precipitate in solutions of lead (see 365). 
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often crystalline precipitate of chloride of lead (PbCl), 
If the solution with the precipitate be boiled, a portion 
of the chloride dissolves, and is deposited again on 
cooling, in the form of needle-shaped crystals. If the 
solution of lead is dilute, the chloride does not precipi- 
tate, as it is somewhat soluble in water. 

The chloride of lead is unaflfected by an excess of am- 
monia, 

863. (C) Chromate of potash (KOjOrO^) gives a fine 
yellow precipitate of chromate of lead (PbOjCrOa) which 
IS insoluble in dilute acids, but soluble in potash. This 
substance is the base of the pigment known in com- 
merce as chrome yellow, 

864. (C) Iodide of potassium (KI) also gives a beau- 
tiful yellow precipitate of iodide of lead (In[)I), which is 
rather lighter in tint than the chromate. If the iodide 
thus formed be boiled with water, it dissolves, and again 
separates on cooling, in the form of brilliant crystaUine 
scales, which are extremely beautiful. 

365. If a solution of nitrate of lead be pratipitatod 
with hydrochloric acidy and the filtered solution treated 
with hydrosulphuric acid gas (HS), instead of the black 
sulphide usually formed by that reagent in solutions of 
lead (357) there is produced a red precipitate, which is 
a chlorosulphide (3PbS,2PbCl). K* the gas be passed 
through the solution for a length of time, however, the 
red compound gradually disappears, and the black sul- 
phide (PbS) is formed. 

366. (C) All the precipitates formed in the foregoing 
experiments, when dried, and heated on charcoal m the 
inner flame of the blowpipe, are decomposed, and give 
beads of metallic lead (356). 

SECTION VI. 
Oxide of Copper (CuO). 



A solution of sulphate of copper {CuO^SO^-\-bAq) may 

be used. 



367. (C) Heated on charcoal in the deoxidi2dng flame 
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of the blowpipe, especially if mixed with carbonate of 
soda, the salts of copper are reduced, and a malleable 
bead of the metal is obtained ; the peculiar color of 
which may be seen on scraping off* the thin coating of 
oxide (OuO), with which it is surrounded. In the 
oxidizing flame with borax or microcosmic salt, oxide 
of copper forms beads, which are green while hot, 
becoming blue on cooling. 

868. Stfdrosulphuric cLcid (KS) and hydrosulphate of 
ammonia {NH^SjHS) throw down a black precipitate of 
sulphide of copper (CuS) from solutionsof copper salts, 
whether neutral, acid, or alkaline. 

C%«0,SO,+HS=CuS+WO,5fO,. 

869. (C) Ammonia (NH^j when added in small quan- 
tity, throws down a pale blue precipitate, consisting of a 
basis salt of copper, which immediately redissolves when 
the ammonia is added in excess; the solution thus 
formed has a beautiful deep blue color, owing to the 
formation of the ammonio-sulphate of copper (2NH3, 
HO,CuO,S03). 

370. (C) Potash {KO) produces in cold solutions of 
copper, a pale blue precipitate of hydrated oxide (CuO, 
HO). If the mixture be boiled, or if the potash be 
added to a hot solution, the precipitate becomes black, 
owing to the decomposition of the hydrated oxide at a 
temperature of 212°, and formation of the anhydrous 
blacK oxide (CuO). The potash must for this purpose 
be added slightly in excess, as otherwise the precipitate 
would consist of basic salt, which would not become 
black when boiled. 

871. (C) Ferrocyanide of Potassium {K^yFeOy^+ZAq) 
pves, even in very dilute solutions, a mahoffany-colored 
precipitate of ferrocyanide of copper (Cu2,FeCy3), which 
IS insoluble in dilute acids. 

372. (C) A piece of clean iron^ when placed in a solu- 
tion containing copper, causes a precipitation of metal- 
lic copper on its surface (324). 

This is an extremely delicate test, and by this means 
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the whole of tlio copper may be removed from a liquiaj 
especially if a slight exeesss of acid is present. 

SECTION VII. 
Oxide of Silver (AgO). 

A solution of nitrate of Bilver (Ag 0,11^0^) may be usa^ 

373. (C) Most of the salts of silver when exposed t 
light, especially when in contact with organic matter, 
gradually become more or less purple, and eventually 
nearly black, owing to partial decomposition. 

374. (C) When heated on charcoal before tlie blow- 
pipe, all the salts of silver are easily reduced, and a 
brilliant white bead of metallic silver is formed. In the 
ojddizing flame, oxide of silver gives with borax an 
opaque white bead; with microcosmic salt, the bead ia 
yellowish by daylight, and red by candlelight. 

375. HydroBulphuric acid (HS) and hydroaulphate of 
ammonia (Nff^i^jRS) throw down ablaok precipitate of 
sulphide of silver (AgS), which is insoluble in dilute 
acids, but soluble in boiling nitric acid. 

376. (C) Ammonia (NH^ gives a brown precipitate of 
oxide ot silver (AgO), which is readily soluble in excess 
of ammonia. 

Potash {KO) also produces the same precipitate, which 
is insoluble in excess. 

377. (0) Eydroehloric acid (HOT) or a solution of chlo- 
ride of sodium (NaQl) produces in solution of silver a 
white curdy precipitate of chloride of silver (AgCl), 
which is insoluble in water and in nitric acid, but readily 
soluble in ammonia, and very sparingly so in an excess 
either of hydrochloric acid or chloride of sodium. 

AgO,KOi->rNa a=AgCl+ A'h O.A'Oj. 
If the aramoniacal solution be ueutraJized with nitric 
acid, the chloride is reprecipitatcd. 

378. (C) PUxphateof soda (2NaO,nO.PO,+2iAq) 
throws down a pale yellow precipitate of tribasic phos- 
phate of silver (3AgO,POj), which is soluble both in 
nitric acid and in ammonia. 
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SECTION VIII. 
Protoxide of Tin (SnO). 



A solution of protocliloride of tin {SnCl) may be used. 

879. (C^ Salts of tin, mixed with carbonate of soda 
(NaO,CO,), and heated in the inner flame of the blow- 
pipe, are reduced to the metallic state, and malleable 
globules of metallic tin are formed. 

In the oxidizing flame, with borax or microcosmic 
Bltlt, oxide of tin forms clear, colorless beads, unless a 
large quantity of the oxide is present, when the bead is 
sometimes opaque. 

880. (C) When the neutral protosalts of tin (as the 
protochloride) are treated with a large quantity of water ^ 
they are decomposed into an acid salt (Sin CTjJETCh which 
is soluble, and a basic salt (SnCl,SnO,2HO), wliich is 
insoluble : the precipitation of the latter causes the 
liquid to become milky. 

3SnCl+3HO=SnCljHCl-{-SnC\,SnO,2RO. 

881. (C) ffydrosulphuric acid (HS) gives in solutions 
of the protosalts of tin, either neutral or with excess of 
acid, a dark brown precipitate of protosulphide of tin 
(SnS), which is soluble in potash and in hydrosulphate 
of ammonia, especially if it contains an excess of sul- 
phur (710). 

882. (C) Hydromlphate of ammonia {NM^S^HS) also 
throws down the brown protosulphide, which is soluble 
in excess, provided a little free sulphur is present in it, 
which is always the case when the hydrosulphate has a 
yellow color (710). If the solution thus formed be neu- 
tralized with hydrochloric acid, a yellow precipitate of 
the persulphide (SnSj) is produced, which was formed 
by tne action of the excess of sulphur in the hydrosul- 
phate upon the protosulphide. SnS+S^SnSg. 

883. Ammonia {NH^ gives a bulky white precipitate 
of hydrated oxide of tin (SnO,HO), which is insoluble 
in excess. 

SnCl+NHi-^2HO=-^nO,nO+KH^CL 

884. PotaaK {KO) also produces a white precipitate 

12 
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of hydrated oxide (SnO,nO), which i 
excess of the alkaline eolution. 

If a eoDcentrated solution of the oxide in potash I 
boiled, the protoxide is converted into a mixture of pd 
oxide (SnO.^) and metallic tin ; the first remains in sol^ 
tion, and the latter precipitates. 

385. Carbonate of potash {K0,00^ also throws dowj 
the hydrated oxide, which is insoluble in e 

386. (C) TercAZori'i^cc/ ^o?d(J.MC7,)cau8esin solution" 
of the protosalts of tin, a dark purple precipitate, which 
has long been known aa purple of OasmiB; its composi- 
tion appears to he (;2(8nO,8nO,)+AuO,SnO,+6HO), 
For the success of this experiment, it is necessary thf ' 
both solutions be exceedingly dilute. 

SECTION IX. 
Prroxiih nf Fin (SnO,)- 

A eolntion of the perchloride {SnCQ may be used. 

387. (C) Salts of the peroxide of tin behave in 
same manner before the blowpipe as those of the p] 
toxide (379). 

388. (C) Hydrosulphuric acid (HS) gives a yellow pr( 
cipitate or peraulphiae of tin (SnSj), which is soluble *' 
solution of potash. 

389. (C) Hydroaulphate of ammonia {NE^S,HS) also 
throws down the yellow persnlphide, which is readily 
soluble in excess. 

390. Ammonia {NH^ and potash (KO) throw do" 
a bull^ white precipitate of hydrated peroxide of t_ 
(SnOjjHO), which is soluble in an excess of the precii^. 
tant, especially when potash is used, forming a eom4 
pound called stannate of potash {KO,SnO^, in which 
the peroxide of tin appears to play the part of an acid. 

The hydrated peroxide, when thus formed by preci- 
pitation with potash, is readily soluble both in potash 
and nitric acid, in which respect it diflera from that 
fonned, bj the action of pitnc acid on metallic tin, 
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tboaeh both yield the eame resulte when analyzed 
(892). 

891. (C) Poar a few drops of nitric acid upon a small 
fragment of metallic tin in a test-tube, and ohscrre the 
intense action which immediately takes place. The 
nitric acid {NO^^ is decomposed by the affinity of the tin 
for a portion of ita oxygen ; the white hydrated peroxide 
of tin (8nO„HO) is formed ; and nitric oxide (NO,) and 
some of the other oxides of nitrogen are given off. A 
little ammonia (■^■fi^, also, is at the same time formed, 
owing to the decomposition of water by the tin ; the 
hydrogen combining with some of the nitrogen derived 
irom uie nitric acid. 

18a+3NO^+3lIO=1S<>0,-!r2NO,+NH,. 

392. Heat the hydrated oxide formed in the last 
experiment, first with nitric acid and 

afterwards in a solution of potash, •''«■ '^' 

and observe that it is quite insoluble 
in both, thus differing from that 
formed by potash (390). 

393. (C) If a piece of clean zinc 
be placed in a solution of perchloride 
of tin, the tin is separated in the 
metalUc state, in the form of a beau- 
tiftil feathery crystals; some of which 
are so minute, as to look like an amorphous spongy 
mass, but when examined with the microscope, appear 
as multitudes of hrilliantand heantifuUy formed crystal- 
line tufts (Fig. 74). 

&lCk+2Za=SD+2i!nCl. 

SECTION X. 
Oxide of Bismulh (Bi,0,). 

A solution of the chloride {Bi^CQ may be used. 

894. (0) Mix a concentrated solution of the chloride 
with a considerable quantitj" of water, which causes a 
wlute precipitate of oxpchloride of bismuth (BiaCIj, 
2Bi,0J. 
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A similar decomposition takes place when solutions 
of many of the soluble salts of bismuth are diluted with 
much water. The precipitates thus formed are usually 
distinguishable from those produced under the same 
circumstances in solutions of antimony, by being in- 
soluble in tartaric acid (332). They dissolve easily, 
however, in acetic acid. 

395. (0) When the salts of bismuth are mixed with 
carbonate of soda, and heated in the reducing flame of 
the blowpipe, small globules of the metal are formed, 
which break with crystalline fracture when struck with 
a hammer. In the oxidizing flame, with borax or mi- 
crocosmic salt, oxide of bismuth forms a yellowish bead, 
which becomes nearly colorless on cooling. 

396. Hydrosulphuric acid (hs), and hydroBulphdte of 
ammonia {NR^S^HS) throw down from solutions of 
bismuth, which do not contain a large excess of free 
acid, a black precipitate of sulphide of bismuth (BiaSg), 
which is insoluble in dilute acid and potash, but soluble 
in hot nitric acid. 

397. Ammonia {NR^ and potash {R^O) give a white 
precipitate of hydrated oxide (Bi203,3HO), which is in- 
soluble in an excess of the precipitant. 

398. Carbonate of potash {KO, CO^ gives a bulky white 
precipitate of subcarbonate of bismuth (BijOajCO,), 
which is insoluble in excess. 

399. (C) When oxide of bismuth is heated, it turns 
yellow, and becomes colorless again on cooling. 



CHAPTER VI. 



ACTION OP REAGENTS WITH THE INORGANIC ACIDS. 

400. The inorganic acids, which are enumerated in 
paragraph (179), may be conveniently divided into 
three classes, according to their behavior with chloride 
of barium and nitrate of silver, thus : — 

Class L — Acids which are precipitated by a solution 
of chloride of barium. 
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Carbonic (CO,). 
Silicic (SiOj). 



Sulphuric {HO.SO^. 
Phosphoric (PO5). 
Boracic (BO3). 

ClasB IT. — ^Acids which are unaftected by chloride of 
barium, but which are precipitated by a solution of 
nitrate of silver. 

Hydrochloric (-flTCT), Hydriodic (-ffi), and 
Hydrosulphuric (h3). 

Ola$8 HI. — ^Those which are not precipitated either 
by chloride of barium or nitrate of silver. 

Nitric (NO,) and Chloric (CTO,). 

SECTION L 
Sulphuric acid (HO,SO^> 

401. Mix a few drops of strong sulphuric acid or oil 
of vitriol with about an equal quantity of water in a 
test-tube, and observe the heat evolved. 

402. (0) Place a small bit of wood or paper in a 
test-tube, and pour upon it a few drops of oil of vitriol : 
the organic matter is decomposed, and black carbo- 
naceous matter is formed. 

403. IG) Add a few drops of a solution of chloride of 
barium (BaCl)y or nitrate of baryta (BaO^NO^ to one of 
sulphate of soda {NaO^SO^ : a heavy white precipitate 
of sulphate of baryta (BaO,S03) ^^ thrown down, which 
is insoluble in hydrochloric acid. 

jBaa+iVaO,>Sf03=BaO,S03+iVaa. 

404. (C) Acetate of lead (^PbO,C^ff^O^+3Aq) throws 
down in solutions containing sulphuric acid, a dense 
white precipitate of sulphate of lead ^PbO,S03j) which 
is insoluble in dilute acids, but sparingly soluble in 
strong sulphuric and hydrochloric acids (691). It is 
Boluble also in potash and acetate of ammonia {NHJ)y 

405. (C) Mix a little dr^ sulphate of soda (NaO,S03) 
or some other sulphate, with black flux, and heat it on 

12* 
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platinum wire in the reducing flame of the blowpipe : 
the oxygen both of the soda and acid is removed, and 
sulphide of sodium (NaS) remains. 

NaO,SOs+2C =NaS+2C0,. 

406. (C) Place the bead formed in the last e^^eriment 
in a test-tube, and moisten it with a little dilute sul- 
phuric acid : hydrosulphuric acid (HS) is given off, which 
may be recognized by its odor: or by putting into the 
tube a strip of paper moistened with a solution of 
acetate of lead, which will be blackened, owing to the 
formation of sulphide of lead (PbS) (438). 

NaS+^0,^03=iVa O.SOr^+BB. 

SECTION II. 
Phosphoric Acid (trtbasic) (SHOfPO^, 



A solution of common tribasic phosphate of soda (2Nd 
0,EO,PO^+UAq) may be used.' 

407. Chloride of barium {BaOl) throws down a white 
precipitate of phosphate of baryta (2BaO,HO,P05), which 
is soluble in hydrochloric acid. 

408. Chloride of calcium (CaCT) gives a white precipi- 
tate of phosphate of lime (8CaO,3P05), which readily 
dissolves in a slight excess of hydrochloric acid.* 

409. (C) Sulphate of magnesia (MgO^SO^+TAq) causes 
a white precipitate of phosphate of magnesia (2MgO, 
II0,P05), if the solution is tolerably strong. K a little 
ammonia or carbonate of ammonia, however, be present 
in the solution, the double phosphate of ammonia and 
magnesia (2MgO,NB[40,P05+12Aq), is formed, which 
being much more insoluble than the phosphate of mag- 
nesia, is precipitated in more dilute solutions, and is 
consequently a more delicate test. It separates as a 

' The monobasic (HO^POs) and bibasic phosphoric acid (2H0,P0«), 
being rarely met with in analysis, are omitted. 
« See note to (217). 
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granular ciTBtalline precipitate, and is readily soluble in 
excess of acid* If the double phosphate be heated to 
redness, the ammonia and water volatilize, and the 
anhydrous phosphate of magnesia (2MgO,P05) ^^ l^ft 
behind (206). 

410. (C) Nitrate of Silver {AgO^NO^ throws down a 

f)ale yellow precipitate of tribasic phosphate of silver 
8AgO,P05), which is soluble both in ammonia and 
nitnc acid (310). 

411. (C) Heat a small fragment of common ttibasic 
phosphate of soda before the blowpipe ; when cool, dis- 
solve it in water, and add to the solution a few drops 
oi nitrate of silver. . Instead of the yellow tribasic phos- 
phate of silver (SAgOjPOg) being thrown down as be- 
fore, a white granular precipitate of the bibasic phos- 
phate (2AgO,rOQ) is produced. This is owing to the 
tribasic phosphate of soda having been converted into 
the bibasic phosphate (2NaO,P05) ^7 *^^® expulsion of 
the equivalent of basic water, when heated. 

412. {C) Acetate of lead {PbO,C^H^O^+SAq) gives a 
white precipitate of phosphate of lead (3PbO,P05), 
which IS soluble in nitric acid. If this precipitate be 
collected on a filter, dried, and heated before the blow- 
pipe, it fuses into a semi-transparent bead, which on 
cooling becomes very distinctly crystalline. This test 
is decidedly characteristic, not only on account of the 
crystalline structure of the bead, but from the circum- 
stance that the phosphate, unlike the other salts of lead, 
is not easily reduced to the metallic state when heated 
in the inner flame. 

413. If perchloride of iron {Fe^Cl^ be added to a solu- 
tion of a phosphate acidified with a little hydrochloric 
acid, and subsequently mixed with solution of acetate of 
potash (KOyC^H'^0^\ the phosphoric acid is thrown down 
m combination with peroxide of iron (2Fe203,3IIO,3 
PO5). K this phosphate of iron be digested with hy- 
drosulphate of ammonia, it is decomposed ; sulphide of 
iron (FeS) is formed, and the phosphoric acid remains 
in solution in combination with ammonia. The phos- 
phate of iron may be still more completely decomposed 
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by first dissolving it in a slight excess of hydrochlorie 1 
acid, and nearly neutralizing with ammonia before the' J 
addition of the hydrosulphate. 

SECTION HI. 
•racic Acid (BO, 

A solution of borax {NaO,2£Og-'rlOAq) may be nBe£ 

414. (C) A solution of borax tnms turmeric paper ^3 
brown, thus resembling an alkali or alkaline carbonate. 

Boraeic acid in solution produces the same effect, 
though in a less degree. 

415. Clihride of barium (BaCT) throws down a white, 
precipitate of borate of baryta (BaO,2B03), which i^l 
readily soluble in hydrochloric acid. 

JBaCl+IfaO,2BOi='Bs.O,2BO^+IihGl. 

416. Nitrate of silver {AgO,NO^) gives a white preoiM 
pitate of borate of silver ^AgOjBOj), which is solubla" 
both in ammonia and nitric acid. 

417. (C) If strong mlphurio add {EO.SO^) be added 
to a concentrated Bolution of a borate, the boraeic acid 
which is displaced, separates in combination with water _ 
in the form of cryatalUne aeales. 

MiO,2503+ffO,S'0,=i\'iiO,S03+2BOs+JJO. 
418. 
with B ^ _ 

alcohol, the boraeic acid is dissolved, and communicat^aj 
a green color to the flame when it ie burnt. This ii ^ 
probably owing to a little of the boron (BJ being de- 
oxidized by the burning spirit, and recombming witli 
oxygen as it comes in contact with the air at the edge 
of the flame. 



18. (C) If borax or any other borate bo moistea^ 
I a little sulpJiuric ocwf, and the mixture treated wiflB 



SECTION IV. 
CarOotu'c Acid (00^). 



The physical and some of the chemical properties of 
carbonic acid have been already noticed (18, &,c.). 

419. (C) The carbonates when treated with a free acid 
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as hydrochloric, are decomposed, and tho carbonic acid, 
heing gaseoos when uncombiaed, escapes with efferves- 



CaO,00,+SCl=CaCl+HO+CO,. 
It may be distinguishod from other gaseous acids by 
b^Qg inodorous. When a Bobstance such as marble ia 
tested in this way for carbonic acid, it is eenerally ad- 
visable to drench it with water; if this is not done, 
small bubbles of common air, which at first adhere to 
the solid substance, gradually escape, and may lead an 
inexperienced person to suppose that efierrescenco is 
taking place. 

420. (C) When carbonic acid is passed into lime water 
(OaO), it causes a white precipitate of car- 
bonate of lime (CaOjCOj), moat of which ng. is. 
redissolTes if the gas is paseed through 
for a length of time, owing to the forma- 
tion of the bicarbonate of lime (Ca 0,200^), 
which is soluble in water. 

This experiment is best made in a test- 
tnbe a (Fig. 75), to which is connected, 
by means of a perforated cork, a bent 
tube, e. A small lump of marble is put 
into a, and the tube b half filled with lime- 
water: dilute hydrochloric acid is then 
poured npon the marble, aud the bent tube attached, 
which conducts the liberated carbonic acid into tho lime- 
water, which it immediately renders turbid. 

421. Chloride of barium (BaCl) and chloride of calcium 
(OaC^ throw down a white precipitate of carbonate of 
baiyta (BaO,COj) or of lime (CaO.COj), which readily 
dissolves with effervescence in dilute hydrochloric acid. 

422. (C) Subacetate of had {BFbO,0^ffM is an ex- 
tremely delicate test for carbonic acid, with which it 
forma a white precipitate of carbonate of lead (PhO, 
CO,). 

428. Most of the carbonates, except those of the al- 
kalies, are decomposed when strongly heated ; in which 
case the oxide or the reduced metal is left (122). 



I 
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Tliere are two modifications of silicic acid, one of whid 
is soluble, and the other insoluble. 

424. (C) Add a little stron"; kydroehloric add (MCI) u,^ 
a concentrated solution of silicate of potash (KO,Si0^i 
and warm the mixture : a bulk^ precipitate separates, 
which is soluble in potash, while a portion remains 
dissolved in the acid solution ; this is the soluble modi- 
fication {probably a definite hydrate) of silicic acid. 

KO, Si tJa+-HC;= EC!+HO+&\Oi. 

425. (C) Evaporate to dryness the solution with 
precipitate, formed in the last experiment, and observe, 
that on again treating the residue with hydrochloric 
acid, the silicic acid remains undissolved ; in this state 
it is almost insoluble also in cold alkaline solutions. 
Thus we find, that when the soluble modification of 
silicic acid is evaporated to dryness, it is converted into 
the insoluble modifleation. 

426. (0) Mix a little dry silicic acid, or an insoluble 
silicate, in the fine powder with dry carbonate of soda 
(!NaO,COj), and fuse it, for about ten minntes, on a pla- 
tinum wire before the blowpipe ; treat the bead with 
dilute hydrochloric acid, and observe that the insoluble 
silicic acid has been changed, by the fusion with the 
alkali, into the soluble modification. If the solution 
thus obtained be evaporated to dryness, the silicic acid 
again becomes insoluble. 

427. (C) When pure silicic acid is fused with carbonate 
of soda before the blowpipe, a transparent colorless bead 
of silicate of soda is formed, while cai'bonic acid is 
expelled. 

NaO,CO,+Si03=NaO,SiOa+GO,. 
In this experiment a small quantity only of the soda 
should be used, as it forms an opaque bead when added 
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SECTION VI. 
Hjfdrochloric Acid (^HCt), 



(^Chlorinej in combination with hydrogen or a metal.) 

A solution of chloride of sodium (iVa(7Z), or the dilute 

acid, may be used. 

428. Chloride of barium gives no precipitate. If, 
however, it be added to strong hydrochloric acid, the 
chloride of barium will be precipitated unchanged, as it 
is insoluble in the strong acid.^ 

429. (C) Nitrate of silver {AgO,NO^ throws down a 
white curdy precipitate of chloride of silver (AgCl), 
which is insoluble in nitric acid, but readily soluble in 
ammonia. 

If the ammoniacal solution be neutralized with nitric 
acid, the chloride is again precipitated. 

This precipitate, like most of the salts of silver, be- 
comes purple on exposure to light. 

480. (C) Acetate of lead {PbO,O^HjO^+SAq) gives a 
white precipitate of chloride of lead (rbCl) in tolerably 
strong solutions of chlorides ; if the precipitate be boiled 
with a little water, it dissolves, aind separates again on 
cooUng, in the form of needle-shaped ciystals. 

JPf> 0, C^Ei Oi+Nd a=PbCl+iVa 0, C.fli O3. 

481. (C) When mixed with nitric acid, and warmed, 
hydrochloric acid dissolves gold leaf forming terchloride 
of gold (AuCl^). 

3Ea+N0s+AvL=Au a^+'^O^+SHO, 

' This circumstance must be remembered when testing hydrochloric 
acid with chloride of barium^ with a view to ascertaining whether it 
contains traces of sulphuric acid j in which case it is necessary to dilute 
the acid before testing. 
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SECTION VII. 
Hydriodic Add (KI). 



(Iodine in combination with hi/drogen or a metal,') 

A solution of iodide of potassium (KI) may be used. 

432. Chloride of barium gives no precipitate with hy- 
driodic acid. 

438. (C) Nitrate of silver {AgOyNO^ gives a pale straw- 
colored precipitate of iodide of silver (Agl), which gra- 
dually becomes purple when exposed to the light. It 
is nearly insoluble in nitric acid, and consideraoly less 
soluble in ammonia than the chloride (429). 

'434. (C) Perchloride of mercury {HgOQ gives a bril- 
liant red precipitate of periodide of mercury (Hel,), 
which dissolves in an excess either of the perchloric or 
of the iodide of potassium. 

435. (C) Starch (Ci^HjoOio) forms with iodine, even in 
hiffhly dilute solutions, a dark j)urple precipitate of 
iodide of starch. K the iodine is m a state of combina- 
tion, as in iodide of potassium or hydriodic acid, it is 
necessary to liberate it before applying the starch; 
which is readily done by adding a drop or two of nitro- 
hydrochloric acid (698), or a solution of chlorine ; if 
nitric acid is employed, a portion of its oxygen com- 
bines with the hydroffen or metal with which the iodine 
was in combination, S)rming water, or a metallic oxide. 

If chlorine be used, it forms with the hydrogen or 
metal, hydrochloric acid or a metallic chloride ; iodine 
being liberated in either case. 

KI+Cl=Ka+L 

The starch may be applied either in solution or as a 
paste ; or, what is often more convenient, strips of paper 
or cotton may be impregnated with the solution, dried, 
and kept for use (760). 



HYDROSULPHURIO ACID. 145 

436. ^C) K iodide of potassium, or any other metallic 
iodide, iii the solid state, be heated with a little strong 
sulphuric acid {ffO^SO^y both compounds are decom- 
posed ; sulphurous acid (SOJ and potash {KO) are formed, 
and the iodine is set free. 

A portion of the latter sublimes in the form of a 
beautiful violet-colored vapor, which condenses in the 
upper part of the tube, and is highly characteristic. 

If the quantity of iodine liberated is so small that the 
color of the vapor is not perceptible, it may readily be 
detected by suspending a bit of paper or cotton mois- 
tened with a solution of starch, which will instantly be 
tamed purple (435). 

437. Dilute sulphuric acid when added to the solution 
of an iodide, also causes its decomposition, especially if 
the mixture be boiled, setting free a little iodine, which 
gives a pale yellowish color to the solution, and causes 
a purple precipitate with solution of starch. 

SECTION VIII. 
Hydrosulphuric Acid (KS) J 



(Sulph,urf in combination with hydrogen or a metah) 

438. (C) Most of the metallic sulphides are decom- 
posed when treated with hydrochloric acid, in which 
case hydrosulphuric acid (HS) is given oft', and may be 
recognized by its disagreeable odor, resembling that of 
rotten eg^. 

Add a little dilute hydrochloric or sulphuric acid to a 
small fragment of sulphide of iron (FeS) in a test-tube ; 
hydrosulphuric acid is immediately evolved ; and if a 
strip of paper, moistened with a solution of acetate of 
lead, be held over the open end, it will be blackened, 
owing to the formation of the black sulphide of lead 
(PbS). The gas may also be passed into a solution of 
the acetate, in the manner shown in (420), when it will 
throw down the black sulphide (357). 

' Called also Sulphuretted Hydrogen, 

13 
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439. f C) AVlien teated with nitric acid (JVO„), the m^ 
tallic sulphides are decomposed: the metal ia oxidizg 
at the expense of a portion of the nitric acid ; oraii« 
fumes of nitrous acid and nitric oxide heing given oW 
while the sulphur separates as a whitish powder, whiefl 
gradually collects into yellowish lumps, and is evetf 
tnally dissolved, owing to ita conversion into aulpbuj ' 
acid, also at the expense of the nitric acid. 

CuS +2ArOj =Cu 0, S03+N0,+N0,. 

440. (C) The soluble sulphides, or hydrosulpliatel 
are also decomposed by acids, with evolution of hfl 
drosulphuric acid. Add a little dilute Tiydrochhrie aeia 
to a drop or two of hydrosulphate of ammonia {NS^S, 
MS) ; hy drosulphuric acid ia given off", while muriate of 
ammonia {NH^Cl) remains in solution, and a little free 
sulphur is at the aame time deposited, which had before 
been dissolved in the hydrosulphate, causing a white 
precipitate. 

"When hydrosulphate of ammonia is first prepared, it 
is colorless, but a portion of the hydrosulphuric acid is 
gradually decomposed by the affinity of the atmospheric 
oxygen for its hydrogen, with which it combines to form 
water, while at the same time tbe equivalent of sulphur 
ia set free (S'S+0=SO-\-S} ; the latter dissolves in the 
hydrosulphate, giving it a yellow color. It ia this aul- 
pbur which ia precipitated on the addition of an excess 
of acid to the hydrosulphate (710). 

441. Chloride of barium gives no precipitate with hy- 
drosulphuric acid, or the hydrosulphates. 

442. Nitrate of silver {AgO,NO^ gives a black preci- 
pitate of sulphide of silver (AgS), which is soluble in 
hot nitric acid. 

443. (C) Acetate of lead {PbO,0,H^O^+BAg) throws 
down in solutions of hydrosulphuric acid or the hydro- 
Bulphates, a black precipitate of sulphide of lead P'bS), 
which is converted into sulphate of lead (PbO.SOj) by 
boiling with nitric acid, which furnishes oxygen to botn 
eleriicnta. 
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PbS+40=PbO,S08. 

444. (C) Before the blowpipe, the sulphides are 
readily decomposed ; the sulphur is driven oft* and bums 
with a blue flame, forming sulphurous acid (so,), which 
may bo recognized by its odor, which is well known as 
that of bummg sulphur. 

SECTION IX. 
Mtrxc Acid (^nO,NO;). 



Nitrate of potash (KOjT^Ofl), both solid and in solution, 

may be used. 

445. Chloride of barium (BaOl) gives no precipitate in 
solutions of the nitrates. K it be added, however, to 
strong nitric acid, a white precipitate will be produced, 
consistingmerely of the undecomposed chloride ; which, 
though soluble in water, is insoluble in the strong 
acid.* 

446. Nitrate of silver causes no precipitate in solutions 
of the nitrates. 

447. (C) K a small fragment of nitrate of potash be 
placed on ignited charcoal, vivid deflagration takes 
place, owing to the rapid combination of the carbon 
with oxygen, which it abstracts from the nitre ; carbonic 
acid (oOa) is thus formed, which combines with the 
potash previously in combination with the nitric acid. 

KO,N05+C=KO,CO,+N08. 

448. (C) When a nitrate is heated with a little strong 
sulphuric acid {HO,SO^), it is decomposed ; and if cop- 
per filings are added to the mixture, the copper becomes 
oxidized at the expense of the liberated nitric acid; 
nitric oxide and nitrous acid are given ofi^, forming 
orange-colored fumes, which are very characteristic. 

irO,iV^05-h3Cu+4(S'0,5f03)=3( Cm 0,S0,)+K0yS0^+4.H0+'N0^. 

449. (C) Add a few drops of strong sulphuric acid to 
a solution of a nitrate in a test-tube, and when the mlx- 

' This must be borne in mind when testing the parity of nitric acid. 
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ture is cold (401), drop in a small crystal of protosul- 
phate of iron (FeO,S03+7Aq). When nitric acid is 
present, a brown compound is formed round the crys- 
tal, consisting of protoxide of iron (FeO) in combi- 
nation with nitric oxide (NO^^), while the other three 
equivalents of oxygen combine with another portion of 
the protoxide, forming sesquioxide of iron {Fe20^y which 
is dissolved by the sulphuric acid as sesquisulphate 

10(FeO,SO^)+i{EO,SOri)+KO,NO^=3(Fe^O^,SSOi)+KO,SOi 

+4iFeOjSO^)jNO^+HO. 

If the mixture is heated, the brown compound is de- 
composed, and the color disappears. 

450. (C) If a little hydrochloric acid be added to a solu- 
tion containing nitric acid or a nitrate, the mixture has 
the property of dissolving gold leaf, owing probably to 
the liberation of free chlorine, which acts on the metal. 
The terchloride of gold {AuCl^ thus formed, gives the 
solution a yellowish color. 

KO,NO^+2HCl^Ka+2HO+NOi;^ CI. 

451. Strong nitric acid has the property of turning 
manv nitrogenous organic compounds yellow ; a feet of 
of which most chemists have unintentionally convinced 
themselves while experimenting with nitric acid, by the 
troublesome yellow stains it leaves on the fingers ; the 
cuticle being converted into a compound called xan- 
thoproteic acid. [iHO.C^Jl^fiu^) 

452. (C) If a nitrate be mixed with a little sulphuric 
acid, and warmed with a drop or two of sulphate of in- 
digoj the blue color of the latter disappears, owin^ to 
the conversion of the indigo into colorless oxidized 
compounds. 

SECTION X. 
Chloric Acid (CI O;). 

Chlorate of potash (K0,C105), both solid and in solu- 
tion, may be used. 

453. Neither chloride of barium nor nitrate of silver 
produce any precipitate in solutions of the chlorates. 
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454. (C) Heat a small fragment of the chlorate in a 
test-tube with the flame of a spirit lamp ; it is decom- 
posed, and if the heat is continued long enough, the 
whole of the 03^gen is given oflF. Chloride of potas- 
sium (KCl) remains behind. 

KO,C105=KCl+60. 

The presence of oxygen may be proved by introduc- 
ing an Ignited match into the tube. 

455. (0) Dissolve the residue of chloride of potas- 
sium formed in the last experiment, in water, and test 
the solution with nitrate of silver (429). The formation 
of a chloride after the application of heat is the best 
proof that the acid is chloric and not nitric. 

456. (C) When placed on ignited charcoal, or when 
heated with organic substances, the chlorates deflagrate 
even more violently than the nitrates. On this account 
very small fragments only of the chlorate should be 
used. 

457. (C) Place a small fragment of chlorate of potash 
(EOyClOg) in a test-tube, and pour upon it a few drops 
of strong sulphuric acid {HO^SO^ taking especial care 
not to warm the mixture^ as it is liable to explode with 
violence when heated. The chlorate is decomposed, 
sulphate of potash {KO^SO^ and perchlorate of potash 
(KOyOlOif) are formed, together with peroxide of chlo- 
rine (ClOj, which gives the mixture a yellowish color, 
and escapes in the form of a greenish gas. 

458. Repeat experiments 448, 449, and 452, using 
chlorate of potash instead of the nitrate, and compare 
the results with those obtained with the latter. 



CHAPTER Vn. 

ORGANIC ACIDS. 

459. The organic acids which are enumerated in 
paragraph 179, may be divided into three classes, ac- 
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cording to their behavior with chloride of calcium and 
perchloride of iron ; thus : — 

CloBB L — Organic acids which are, under certain cir^ 
cumstances, precipitated by a solution of chloride of 
calcium. 



Oxalic (HO,C203). 
Tartaric (2HO,C8H,Oio)-- 



Citric (SHOjCigHgOi^). 
Malic (2HO,C3HP8). 



Cldss 11. — Those which are unaflFected by chloride of 
calcium, but are thrown down by a solution of per- 
chloride of iron. 

Succinic (HOjC^H^Oa). | Benzoic (HOjCi^H^Og). 

Class IIL — Those which are not precipitated either 
by chloride of calcium or by perchloride of iron. 

Acetic (ffOyC^ff^O^). \ Formic {HO,O^HO^. 

SECTION I. 
Oxalic Acid (HOjC.Og). 

460. Oxalic acid is readily soluble in water and in al- 
cohol. 

461. When crystallized oxalic acid (HOjC^Oj+SAg) 
is heated in a tube, a portion volatilizes unchanged, 
while a part is decomposed. 

462. (C) All the salts of the organic acids are decom- 
posed at a red heat ; and when the base is an alkali, or 
alkaline earth, a carbonate of the base is formed. This 
decomposition is almost always attended with a deposi- 
tion of charcoal, and consequent blackening ; but in the 
case of the oxalates scarcely any blackening takes place, 
the oxalic acid being almost wholly resolved into car- 
bonic acid (COj,) and carbonic oxide (CO) ; the latter of 
which escapes, while the carbonic acid combines with 
the base. 

463. (C) Heat a little oxalate of lime (CaO,C203) to 
low redness for a few moments on platinum foil, and 
observe that the decomposition takes place almost with- 
out blackening. Place the fragment m a test-tube, and 
moisten it with dilute hydrochloric acid, when the effer- 
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vescence will show the presence of carbonic acid (419, 
122). 

464. (0) Chloride of calcium (OaGl\ when added to 
solutions containing oxalic acid, either free or in com- 
bination with a base, causes, even in highly dilute solu- 
tions, a copious white precipitate of oxalate of lime 
(CaO,C,Oj-f 2Aq), which is readily soluble in hydro- 
chloric acid, and slightly so in an excess of oxalic acid, 
so that the addition of ammonia favors the precipitation 
in an acid solution. 

Ca a+NHfi, C, 08=CaO,C308J\7/4 CI. 

The presence of ammoniacal salts does not interfere 
with the formation of this precipitate. 

465. (C) A solution of «w7pAa^g {CaO^SO^ or any other 
salt of limCy causes the same precipitate (CaO,C20o+ 
2Aq), even in very dilute solutions. Lime-water also 
does the same. 

466. Perchloride of iron {Fe^Cl^ gives no precipitate 
in solutions of oxalic acid or the oxalates, unless they 
are tolerably concentrated. 

467. Nitrate of silver (AgO,NO^) throws down a white 

})recipitate of oxalate of silver (AgOjCoO,), which is so- 
uble both in nitric acid and ammonia. If the precipi- 
tate be dried, and heated on platinum foil, it is dispersed 
with a slight puff, leaving a residue of metallic silver. 

468. (C) When oxalic acid or an alkaline oxalate is 
warmed with strong sulphuric acid {HOySO^)y it is de- 
composed into carbonic acid (po.^) and carbonic oxide 
(CO), while the basic water or the alkali combines with 
the sulphuric acid (83). 

K0yC20i+E0,S0^=K0,S0:i+II0+C0^+C0. 

The two gases escape with effervescence, and if a 
taper be applied as they issue from the tube, the car- 
bonic oxide burns with a pale blue flame, combining 
with an additional equivalent of oxygen from the air, 
and becoming carbonic acid (41). 

SECTION II. 
Tartaric Acid (2H0,C8H,0 J. 

469. Tartaric acid is soluble both in water and in 
alcohol. 
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470. (C) Heat a email crj-atal of the acid in a tube ; 
it at first fuses, aud is attonvards decomposed, with de- 
position of carbon, and consequent blackening. A. 
peculiar and characteristic odor is at the same tim 
emitted, 

471. Fold a small fragment of bitaiirate of pots 
(K0,HO,CflH,0,(,) in platinum foil, and heat it to rednet 
before the blowpipe or over a spirit lamp. The tartan 
acid is thus decomposed, and the carbonate of pota ' 
(KOjCOj) is at the same time formed. Place the frt^ 
ment in a testtube, and add a few drops of dilute hjJ 
drochioric acid, when it will effervesce, showing i" 
presence of carbonic acid (419). 

472. (O) Gktoride of_ calcium {CaCtl throws down i^ 
neutralsoiutions containing tartaric acid, a white precipM 
tate of tartrate of lime {^Ci).0,G^fia), which issolubl^ 
in a cold solution of potash; if the potash eolutiona l 
heated, however, the tartrate of lime separates as a bul 
precipitate, but redissolvea aa the solution cools. 

473. Lime-ioater (CaO) causes in neutral Bolutionaa 
white precipitate of tartrate of lime (2CaO,CsH^O j 
which IS soluble in an excess of acid. The presence a 
ammoniacal salts prevents the formation of this precL 

Eitate, though if the mixture be allowed to stand a fea 
ours, the tartrate of lime gradually cryatalhzes out. ^ 

474. Sulphate of lime {GaO,SO^ gives no precipitatfl 
at first, even in neutral solutions of tartrates ; but if 
allowed to stand, tartrate of Ume gradually crystallizel^ 

475. Salts of potash cause the formation of bitartra' ' 
of potash (KO,HO,CgII^O,u), which separates from ti 
solution in the form of a granular precipitate, soluble 
in an excess of alliali, and moat of the inorganic acids. 
If the taiiarie acid is present aa a neutral tartrate, the 
bisulphate of potash {KO,HOfi.SO^ should be em- 
ployed for testing it. In dilute solutions the separation 
of the precipitate is hastened by agitating the liquid 
with a glass rod, when lines of minute crystals will be 
deposited on the sides of the glass wherever the rod lia«] 
rubbed against it (184, 186). 

476. Perchloride of iron [Fe..OQ gives no precipitaM 
with tartaric acid or the tartrates. 
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477. (0) Acetate of had {PbOyCJS^O^+ZAq) throws 
down a white precipitate of tartrate of lead (2PbO,C8 
H^Oio), which when washed clean, is readily soluble in 
ammonia. 

478. Tartaric acid and the tartrates, when present in 
solutions of the persalts of iron, prevent the precipita- 
tion of the hydrated peroxide (Fe203,3HO) when am- 
monia or potash are added (280). This is owing to the 
formation of double tartrates of iron and the alkali, 
which are soluble in water, and are not decomposed by 
an excess of the latter. Tartaric acid also prevents the 
precipitation of alumina, protoxide of manganese, and 
some other oxides, under similar circumstances. 

SECTION ni. 
Citric Acid (3HO,C„HaO J. 

479. Citric acid is soluble in water and in alcohol. 

480. (C) When heated in a tube, citric acid at first 
melts, and is subsequently decomposed, emitting pun- 
gent fumes, which may be distinguished by their smell 
from those formed by tartaric acid under similar cir- 
cumstances. A carbonaceous residue remains in the 
tube. 

481. (C) Chloride of calcium {CaCl), when added to 
solutions of neutral citrates, gives a white precipitate 
of citrate of lime (3CaO,Ci2HgOi2), which is insoluble in 
potash, but soluble in muriate of ammonia. If the am- 
moniacal solution be boiled, the citrate of lime repreci- 
pitates. Free citric acid gives no precipitate with this 
test. 

482. (C) Lime-water {CaO) fails to produce a precipi- 
tate in a cold solution, but if the mixture be boiled, 
citrate of lime is thrown down, being less soluble in hot 
water than in cold. 

483. Perchloride of iron {Fe^Cl^ gives no precipitate. 

484. Acetate of lead {PbO^C4fl^O^-[-^Aq)ih.voyf^ down 
a white precipitate of citrate of lead (3PbO,Ci2HgOi2), 
which when washed, is only very slightly soluble in 
ammonia, thus differing from tartaric acid (477). 

485. Citric acid and the soluble citrates, when present 



in eolutiona containing peroxide of iron, alumina, and 
Bonio other metallic oxides, prevent their precipitation 
by ammonia, owing to the formation of soluble double 
salts. - . 

486. Citric acid when heated with strong gulphuriaj 
acid, is decomposed ; carbonic acid and carbonic oxiA 
are given off with effervescence, and after boi 
eulphuraus acid (so^) ia formed, and the mixture 1 
comes dark colored. 



Malic Acid (2H0,CaH,0J. 

487. Malic acid dissolves freely both in water t 
alcohol. 

488. (p) "When malic acid ia cautiously heated in j 
tube, it IB decomposed into two new acids; maleic acid 
(2}10,C^Hfig), which being volatile, sublimes and con- 
denses in the upper part ot the tube ; and iiimaric acid 
(HO,CjHOu) which remains at the bottom. If the heat _ 
ia allowed to rise higher than 400° oi- 500", further dug 
composition takes place, and the mass is carbonized. T 

489. Chloride of ealeium {OaOl) gives no precipitaW 
since the malate of lime (2C&0,C^llfi^) is soluble f 
water; the addition of alcohol, however, immediate! 
causes it to precipitate. 

490. ^^^^^^^(CaO) gives no precipitate with mal 
acid or the malates. 

491. Perchloride of iron {Fe„Cl^) causes no preclpitatfl 
as the malate of iron is soluble in water. 

492. (C) Acetate of lead {Pf>0,C,H,0,+3Aq) thm-WB ' 
down a white precipitate oi malate of lead (PbO,HO, 
CgH.Ojj). If acetate of lead in solution be allowed to 
stand for a day or two on the precipitate, it isgradually 
converted into beautiful tufts of silky crystals. If the 
precipitate be well washed, and, while suspended in 
water, heated over a lamp, it will be found to melt into 

a resin-like mass at the temperature of boiling water. 

493. Like tartaric and citric acids, malic acid and the 
soluble malafes prevent the precipitation of peroxide of 
iron and some other metanie oxides by the alkalies 
(478, 485). 
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494. When heated vnthoil of vitriol {BO,SO^\ malic 
acid is decomposed and carbonized, sulphurous acid 
(sOj) being at the same time given oft'. 

SECTION V. 
Succtnic Acid (HOjC^H.O,). 

495. Succinic acid is soluble both in water and al- 
cohol. 

496. (C) When the pure acid is heated in a tube, it 
volatilizes entirely, leaving no carbonaceous residue, 
and crystallizes m the upper part of the tube. The 
common acid met with in commerce is seldom pure, 
and usually leaves a slight residue. 

497. Ohhride of calcium {OaCl) gives no precipitate 
with succinic acid or the succinates. 

498. (C) Perchloride of iron (^^2^3) throws down a 
bnlli^ ^^8?* brown precipitate of persuccinate of iron 
^efi^y^^^^^ from perfectly neutral solutions con- 
taining succinic acid. This precipitate is soluble in 
acids, and is decomposed by ammonia, which removes 
the ffreater part of the acid. 

499. Acetate of Zeac?(PJ0,(745103+8Jjy) gives a white 
precipitate of succinate of lead (JPbO,C4H2S3)> which is 
soluble in acid solutions, and is decomposed into a basic 
salt by ammonia. 

500. (C) When treated with a mixture of chloride of 
barium^ ammonia, and alcohol^ solutions containing suc- 
cinic acid give a white precipitate of succinate of baryta 
(BaO,C,H203). 

SECTION VI. 
Bmzoic Acid (^O.C^flfi^. 

501. Benzoic acid is scarcely soluble in cold water, 
but rather more so in hot ; it is readily soluble in al- 
cohol. 

502. (C) When heated in a tube, it sublimes and 
condenses in the form of beautiful needle-shaped crys- 
tals: the vapor has a peculiar aromatic odor, and 
causes an unpleasant sensation in the throat, inducing 
coughing. 
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503. Chloride of calcium {CaOl) gives no precipitate in 
solutions of benzoic acid, the beuzoate of lime being 
soluble in water. 

504. Perchloride of iron (Fe^Ol^ giveain neutral solu- 
tions, a light yellowish brown precipitate of perbenzoate 
of iron (FejO„3C[4HB03), which is soluble in acids, and 
like the sueeiuate, is decomposed by ammonia (498). 

505. ^ce(a<eo/;eai(PJO,C,^30j+3Ao) throws down 
a white precipitate of benzoate of lead (PbOjC^UjO.) in 
solutions of benzoate of potash or of eoda, but not in a 
solution of the free acid, or ofbenzoate of ammonia. 

506. (C) A mixture of chloride of barium, ammonia^ 
and alcohol, gives no precipitate with benzoic acid and 
the beuzoates, thus diiferingfroin succinic acid (500). 

607. (C) Wlien the solution of an alkaline benzoate, 
as benzoate of ammonia {NS,0,C^,B^Os), is treated with 
strong gulphurie or hydrochloric acid, it is decomposed, 
and the liberated benzoic acid, being almost insoluble 
in water, is precipitated in the form of a white erj-atal- 
line precipitate ; while the sulphate or muriate of aixi^ 
monia remains in solution. ' 



ira.o,CnflsOs+^o,s'o,=A'fl;o,so,+Ho,Ci,H50,. 



SECTION VII. 
Acetic Acid {UO,C,H^O^. 



I 



508. Acetic acid is soluble in all proportioiis in water: 
it dissolves also in alcohol. 

509. (C) When heated, it volatilizes readily, leaving, it 
pure, no residue ; the fumes Lave an exceedingly pun- 
gent odor, resembling that of vinegar, which owes its 
active properties to the acetic acid which it contains. 

510. Chloride of calcium, and the other salts of lime, 
give no precipitate with acetic acid or the acetates. 

Perchloride of iron also gives no precipitate, but 
changes the color of the solution to a deep reddish 
brown. 

511. (C) Nitrate of silver {AgO,NO^ causes in neutral 
solutions, a white precipitate of acetate of silver {AgO, 
CjHjOj), which if the mixture is heated, partially dis- 



FOBMIO ACID. 157 

solves, and recrystallizes on cooling; it is soluble in 
ammonia. 

511a. (C) Protonitrate of mercury (JB^OjiVOj) gives 
on agitation a precipitate of acetate of mercury (HgO, 
O4H3O3), which separates in the form of white silky crys- 
tidline scales. 

512. (C) When an acetate is mixed with dilute sul- 
phuric (mdj and gently warmed, it is decomposed ; a 
sulphate of the base being formed, while the acetic acid 
is set free, and may be recognized by its odor. 

618. (C) If a mixture of an acetate with dilute sul- 
phuric CLcid be distilled (536), and the distilled liquid 
Doiled with an excess of oxide of lead (PbO), the libe- 
rated acetic acid combines with a portion of the oxide, 
forming subacetate of lead {ZPbO^CJS^O^) which, 
having an alkaline reaction with test paper, may be re- 
cognized by its turning the yellow color of turmeric 
paper brown. 

614. (C) When acetic acid or an acetate is warmed 
with strong sulphuric acid {HOjSO^j acetic ether 
(O^HjOjC^HjOj) is formed, which volatilizes, and may be 
known by its peculiar and refreshing odor. 

SECTION VIII. 
Formic Acid {HO, C^HO^). 

615. Formic acid is readily soluble both in water and 
alcohol. 

616. (C) When heated, it volatilizes entirely, giving 
off fumes of a penetrating disagreeable odor. 

517. Chloride of calcium gives no precipitate with 
formic acid or the formiates. 

618. Perchloride of iron also gives no precipitate. 

519. Nitrate of silver gives in strong and neutral solu- 
tions of the formiates, a white preeij)itate of formiate 
of silver (AgO,C2HOg) which shortly becomes of a darker 
color, owing to decomposition and the liberation of 

14 
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metallic silver. If the mixture be boiled, this reduction 
takes place impaediately. 

A similar decomposition takes place with protoni- 
trate of mercury. 

520. (C) When warmed with dilute sulphuric acidj the 
formiates are decomposed : the formic acid volatilizes, 
and may be known by its odor. 

521. (C) If formic acid or a formiate be heated with 
strong sulphuric acid, it is resolved into water and car- 
bonic oxide (go). O^HO^=2oo+HO. 

The carbonic oxide gas escapes with effervescence, 
and burns with a pale blue flame if a light be applied 
to the mouth of the tube. 



PART III. 

QUALITATIVE ANALYSIS OF SUBSTANCES, THE 
COMPOSITION OF WHICH IS UNKNOWN. 



CHAPTER I. 

PRELIMINARY EXAMINATION, ETC. 

522. "When a substance is presented for examination, 
with a view to ascertaining its chemical composition, it 
is obvious that it would be extremely tedious if we were 
to begin by applying indiscriminately the tests for the 
various metals and acids, until we happened to meet 
with one which gave a characteristic reaction ; and al- 
though such a method might occasionally succeed in 
the examination of substances consisting merely of one 
base and acid, it would certainly be found wholly in- 
efficient under less favorable circumstances, as when 
two or more bases and acids are mixed together, which 
would mask or neutralize each other's behavior with 
the different reagents employed. Hence the necessity 
of a well-devised plan of proceeding, in which, by means 
of a few simple experiments, we are enabled to obtain 
some considerable insight into the nature of the sub- 
stance under examination. 

528. Before beginning what may be called the real 
analysis of a substance, it is generally advisable to make 
a few preliminary experiments upon it, in order to as- 
certain the class of compounds to which it belongs, and 
whether the usual mode of analysis will be likely to 
succeed with it : this may be called the preliminary ex- 
amination. 
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We will first suppose that a solid substance has been 
given to the student for examination. If it is a liquid, 
he may pass on to paragraph (533). 

SECTION I. 
Preliminary/ Examination of Solids? 

524. Observe whether the substance is crystalline 
or AMORPHOUS : whether it is homogeneous throughout, 
or composed of different ingredients, such as can be dis- 
tinguished either with the naked eye, or with the assis- 
tance of a lens. 

Note any peculiarity of form or color ; and observe 
whether or not it possesses metallic lustre. 

526. Take its specific gravity (145). A knowledge 
of this is frequently of great service, especially in the 
case of minerals, when by a reference to a table of 
specific gravities,* we are able at once to guess what it 
is, and to strike out of the list of possibilities a large 
number of substances which it might more or less re- 
semble in external appearance. 

526. Place a fragment of the substance in a small 
tube of hard german glass, closed at one end : heat 
it first over a lamp, and afterwards in the flame 

OF THE BLOWPIPE. Obscrve (a) whether it APPEARS TO 

UNDERGO ANY CHANGE : if it docs Hot, WO infer that the 
substance contains no water or organic matter ; that it 
is not readily fusible ; and that no volatile substances 
are present. 

(6) Does it fuse ? and if so, does it continue fluid as 
long as the heat is applied, or does it, after a short time, 
solidify while still in a heated state ? If it solidifies 
while hot, it had probably undergone what is called the 
watery fusion, or melted in its water of crystallization, 
which is gradually expelled, condensing in the upper 
part of the tube. If the substance fuses without any 

* I cannot too strongly insist once more on the importance of making 
careful and accurate notes of all the experiments and observations 
which are made ; they are not only often absolutely necessary for re- 
ference in the subsequent stages of the analysis, but the practice is also 
of the greatest value to the student, in cultivating habits of correct ob- 
servation and facility of expression ; besides at the same time impressing 
the facts more strongly on his recollection (6). 

" Such a table may be found in Dr. Thomson's Mineralogyj vol. i 
p. 710. 
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other apparent change, it probably contains either an 
alkali or an alkaline earth. 

(c) Does it wholly volatilize ? If it does, of course 
nq nxed matter is present, and we are thus enabled to 
lessen the circle of our inquiry very considerably. 

{d) Perhaps A portion volatilizes, leaving a fixed 
RESIDUE : hence we infer that the substance under ex- 
amination is probably a mixture of two or more sub- 
stances. 

(e) When the substance is volatile (either wholly or 
in part), observe whether the vapor condenses in the 
COOL PART OF THE TUBE ; and if so, whether the matter 
deposited is solid (crystalline or amorphous) or liquid ; if 
the latter, is it neutral or otherwise to test paper ? Is the 
vapor COMBUSTIBLE ? Has it any characteristic smell, as 
of ammonia, or of burning sulphur, or of arsenic (301) ? 

(/) Does the substance under examination blacken 
when heated? If it does, we mav infer that some 
organic matter is present: and if, by continuing the 
heat with excess of air on a piece of platinum foil, the 
blackness disappears, we may pronounce with certainty 
that such is the case. K the burnt mass, when cola, 
effervesces on being moistened with dilute hydro- 
chloric ACID {HOI), while the substance in its original 
state does not, we may infer that an organic acid was 
present, which, when heated, is converted into carbonic 
acid, forming a carbonate (462, 471). In this case, too, 
it is highly probable that the base with which the or- 

Binic acid was in combination, is either an alkali 
jotash or soda), or an alkaline earth (lime, magnesia, 
»aryta, or strontia); as otherwise the newly-iormed 
carbonate would probably have been decomposed, 
leaving either a metallic oxide or reduced metal (423). 

(g) In case of carbonization, observe whether any 
CHARACTERISTIC SMELL is givcn off during the decom- 
position (470, 480), and also whether the vapor which 
18 formed is neutral, acid, or alkaline to test paper : if 
alkaline, it is probable either that ammonia was present, 
or that nitrogen was contained in the organic matter.^ 

' When an organic substance containing nitrogen is heated, ammonia 
(NH,) is almost invariably formed during the destructive decomposi- 
tion. 
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It is not to be considered certain that, because a sqIk 1 
stance does not char when heated, no organic matter iff J 
present, since many organic substauceB volatihze with- 
out decomposition. 

527, Heat a tragment of the stjbstancb on cHABi 

COAL IN THE INNER FLAME OF THE BLOWPIPE. Ill this CW 

periment, some of the appearances already obtained bw 
heating in a tube (526), will probably be repeated, s 
as chamng, volatilization, &c. Observe, 

(a) Whether the strBsiANCB fuses, either easily ow 
only after prolonged application of the flame. K fiisio^ 
takes place speedily, and especially if the fused n 
absorbed by the charcoal, it is probable that potash o, 
soda is present : if the former, the flame may be tinged 
with a violet color (187). 

(6) If the Bubatanee ppses and boils, and after a shoti 
time SOLIDIFIES while still under the influence of th^ 
heat, the fusion was probably owing to the presence 
water of crystallization (5266). 

(c) If the substance is inpdsible (either without < 
subseijuent to the watery fusion), and remains on tM 
charcoal in the form of a colorless infusible mass, tb*.. 
substance is probably an alkaline earth, silica, oxide (^l 
zinc, or alumina. If an alkaline earth, it will probabtj^ f 
radiate an intense white light while ignited. Thewhittf I 
infusible mass may then be moistened with a solntion oi j 
nitrate of cobalt, and again heated; when if it beeoraeft J 
blue, alumina may be suspected (245) ; if green, oxidd j 
of zinc (261); and if pale pink, magnesia (209). If it^ ! 
silica, it will fuse into a clear colorless bead with caw J 
bonate of soda, eftcrvescing at the same time (427). 

[d) In case a bead of reduced metal, or a coLOHBit I 
iNFuaiBLB RESIDUE, Is formod on the charcoal, it shoulct 1 
be mixed with carbonate of soda (NaO,COj), and agaia | 
heated as before on charcoal in the deoxidizing flamsl* I 
If tin, copper, silver, or gold are present, a bead of th4- J 
metal will be formed without any incrustation on th^ 
charcoal.^ If iron, cobalt, or nickel, are present, they 

' Tbe white or bronnish rtsh which is always formed when charcoal is 
burnt (which consists of the incombustible matter of the charcoal), 
must Dot be mislaken for an incrustation derived from tbe subslance 
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will be reduced to the metallic state, but instead of 
fusing into a bead, will be mixed up ^vith the car- 
bonate of soda (being infusible except at a higher tem- 
perature), giving the bead a gray opaque appearance. 

(e) If a WHITE DEPOSIT IS FORMED ON THE CHARCOAL 

ROUND THE BEAD OF METAL (or indeed without any 
metallic bead), it is probably owing to the presence of 
zinc or antimony.* K zinc, the oxide while hot is yel- 
lowish, becoming white on cooling (260). 

(/) If a YELLOW OB A BROWN DEPOSIT IS FORMED, either 

lead, bismuth, or cadmium, may be supposed to be pre- 
sent. 

528, Warm a fragment of the substance in a tube 
with stbong sulphuric acid {bo,so^: — 

(a) If effervescence occurs,' it is probably owing to 
the escape of some volatile acid, which is displaced by 
the sulphuric acid. If the gas thus liberated has no 
smell, carbonic acid may be suspected (419). If it smells 
of hvdrosulphuric acid, the substance was probably a 
sulphide (438), in which case sulphurous acid (sCj) 
would probably at the same time be formed. If the 
smell resembles that of nitric or nitrous acid, the pre- 
sence of a nitrate may be inferred, especially if orange- 
colored fiimes are evolved on the addition of clean cop- 
{)er filings (448). If the disengaged ^s is greenish yel- 
ow, with a smell somewhat resembling chlorine, it is 
probably owing to the presence of a chlorate (467). 

(6) If organic matter is present (which will have been 
already ascertained (526/) ), the escape of gas may be 
due to the carbonic acid or other gas formed by the 
action of the sulphuric acid upon it; and consequently 
the presence of a volatile acid is not proved by this ex- 
periment, when organic matter is present. 

((?) If the substance undergoes no apparent change 
by the action of sulphuric acid, the absence of all these 
compounds may be inferred. 

629. The next point to be ascertained in the preli- 
minary examination, is as to the solubility of the sub- 

' See note in preceding page. 

• Care must be taken not to mistake the bubbles of common air, 
which often escape from the surface of a solid substance when it is 
treated with a liquid, for true eflFervescence. 
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stance in water and other solvents. Place five or ten 1 
grains of the pounded substance in a teat-tube, and treat J 
It with a little distilled water (at first cold, and afterj ■ 
wards boiled if the substance does not dissolve), atu 
observe whether it is wholly or partially soluble, 
whether it is absolutely insoluble. This ia known bjfl 
evapomting a drop of the clear Uquid (filtered if n 
sary) on platinum foil, when, if anything is dissolved, |jf 
will be left as a residue ; which, if abundant, indicat€((.l 
that the substance is copiously soluble ; and if slight 
that it is only sparingly so,' 

(a) If NOTHiKG IS DISSOLVED by the water, we thi^ 
prove the absence of all soluble compounds, 

(i) H it WHOLLY DISSOLVES, wc pFove the absence ( 
all insoluble compounds. 

(c) If it PARTIALLY DISSOLVES, it is either a sparinffW 
soluble substance, or a mixture of soluble andinsolublj 
matters : the addition of more water will show which a 
these is the case. If it is a mixture, the insoluble poi _ 
tion may be separated by filtration from the solutioii] 
for further examination (530). 

530. If tub siibstancb, oh any portion op it, ] 
found to be insoluble, or but very sparingly solnblb| 
in water, it must be treated with dilute hydrochlobj 

ACID (ffC/), (except IT BE A METAL, eee 531,) AND IF NBCBi 
8ABY BOILED. Whether or not anything dissolves, ■ 
be ascertained by evaporating a drop of the clear liquia 
on platinum foil (529). If effervescence occurs, it is 
probably owing tJa the escape of a gaseous acid, wbicU i 
may sometimes be identified by tlie smell or colon j 
(628 a). If the smell of chlorine be given oft; it may bo. J 
owing to the presence of a peroxide, as of manganesfll I 
(Mnd*.). , I 

In case the whole, or any portion, of the substanorf i 
prove insoluble in hydroehloi-ic acid, it must be se|^>J 

' IL is always uecoBSBrj to test by experiment, whether the dialillecl 
water used in these experiments, ia ilaeff perfectly pure, and free fconi 
diasolved mailer; if such were not the case, a teaidiie would of course 
be left, eran though the aabstance under exami&atioa were ioBoluble 
(153). 
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rated by filtration, and retained for further examination 
(682). 
531. If the substance is a metal (known by its 

METALLIC lustre, &C.), IT MUST BE TREATED WITH STRONG 
NITRIC ACID, AND IF NECESSARY BOILED. 

(a) If NO APPARENT ACTION TAKES PLACE, the metal is 
probably gold or platinum: and if it be found that 
nothing has dissolved, the absence of all the common, 
easily oxidizable metals may be inferred. 

(i) If the METAL IS ACTED UPON, AND A WHITE PRECIPI- 
TATE IS AT THE SAME TIME FORMED, which is found tO be 

insoluble in water, it is probable that antimony or tin 
is present (891) ; and if, besides the formation of the 
white precipitate, some of the metal is dissolved (known 
by evaporating a drop of the clear liquid on platinum 
foil), the presence of some other metal, soluble in nitric 
acid, may be relied on. 

(c) If the metal dissolves entirely, the absence of 
gold, antimony, and tin, may be inferred. 

582. The matter ^if any) which proved insoluble 
IN hydrochloric acid (530), IS NOW treated, first with 

STRONG nitric ACID ; AND THEN, IF IT RESISTS SOLUTION, 
WITH NITROHYDROCHLORIC ACID (698), AND IF NECESSARY 

BOILED. If insoluble in this, it is probably one of the 
insoluble silicates, sulphates, or chlorides, and will 
have to be afterwards examined (678, 623). 

SECTION IL 
Preliminary Examination of Liquids, 

533. When the substance given for examination is 
liquid, a drop or two should be evaporated on platinum 
foil, to ascertain whether or not it contains any fixed 
matter in solution. If such is the case, a small quantity 
of the liquid is to be evaporated to dryness in a basin, 
and the residue examined according to the directions 
given above for solid substances (624, 526 et seq.). To- 
wards the end of the evaporation, when the residue is 
nearly dry, and a pellicle of solid matter is formed on 
the surface, it is very liable to " spurt," and project small 
portions of the substance out of the basin (644) ; this is 
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best avoided by moderating tbe beat, and by constani 
Btirring with a glass rod, eo as to prevent tbe formatii 
of tbe pellicle. 

"WbiJe tbe evaporation is going on, the following 
perimenta may be commenced with tbe solution. 

53i. Take its specific ghavity (148). 

635. Tbst the solution with litmus and turmeri 
PAPER, to ascertain wbetber it is neutral or otberwit 

(a) If NEUTRAL, tbe absence of free acids and alkalii 
and of acid salts, may of eom-se be considered ceitain. 
It is probable, also, tbat tbe only salts present are tbosc 
of tbe alkalies or alkaline eartbs, as tbe solutions of 
most other salts have a feebly acid reaction. 

(6) If it has an acid reaction (known by its redden- 
ing hlue litmus paper), it is owing to tbe presence of 
either an uneombined acid, an acid salt, or a soluble salt 
of one of tbe heavy metals, many of which have afeebly 
acid reaction. To ascertain which of these is present^ 
pour a little of tbe solution into a test-tube, and stir^ 
vritb a glass rod, the end of which is moistened with 
solution of carbonate of potash (K0,CO2-\-2Aq) ; if thil 
cause a precipitate, the acid reaction is probably owii '' 
to the presence of a metallic salt : while, if the solutit 
remains clear, a free acid or an acid salt is probably the 
cause. 

(c) If tbe solution has an alkaline reaction (known 
by its turning turmeric paper bi-own), it is probably 
owing to the presence of a free alkali or alkaline earth, 
one of the alkaline carbonates, or an alkaline sulphide. 
In this ease we are enabled to exclude at once all oxides 
which are insoluble in alkaline solutions : and if alkaline 
carbonates are present, none of the alkaline earths can 
exist in solution, since they would be tlirown down as 
insoluble carbonates. 

536. If tbe solvent liquid is supposed from its tasth 
OH BMELL, to be Other than water, it may be necessary 
to insulate it from the solid matter it contains for ex- 
amination. This is best done, if the liquid is volatile, 
by distillation in a small retort (61), or if tbe quantity 
of liquid is minute, the distillation may be effected in 
two small tubes, as shown in Fig. 76. a being the retort. 
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and b the receiver ; the latter may, if necessary, be kept 
cool by immersion in cold water. The liquid should 
be poured down a long tube-funnel (Fig. 77) to avoid 



Fig. 70. 



Fig. 77. 




Tute Diatillation. 



Boiling the long limb of a. The distilled liquid may 
then be examined as to its taste, smell, specific gravity, 
boiling-point, &c. 

637. when the substance to be examined is liquid, 
containing solid matter in suspension, the latter is to be 
separated by filtration, and the solid and liquid portions 
examined separately, according to the directions given 
in paragraph 524 et seq. and 533 et seq. 

SECTION in. 
Actual Analysis. 



Introductory Remarks. 

638. Bfa^ving learnt from the preliminary experiments 
just described the general nature of the substance under 
examination, together with its degree of solubility, &c., 
we proceed to the actual analysis by means of liquid 
test», with a view to ascertaining the exact constituents 
of which it is. composed. 

We will first, for the sake of simplicity, and leaving 
entirely out of sight all the rarer substances (179), de- 
scribe the processes to be followed in the analysis of 
simple salts which are known to contain only one me- 
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tallic oxide or base, combined with one acid ; as, for 
example, sulphate of potash (KOjSOg); or a binary com- 
pound of a metal with a nonmetallic body (or haloid 
salt), such as chloride of calcium (CaCl); and first those 
which are readily soluble in water. It is usual to de- 
termine the base first, and when that is done, the student 
may pass on to (556), and comnience testing for the 
acid. 

539. When the presence of any metal or acid is in- 
dicated by the action of a reagent employed in qualita- 
tive analysis, it is always necessary to confirm our sup- 
position by applying other tests ; as it is rarely the case 
that a single test is sufficiently decided in its results, to 
render the presence of a metal absolutely certain. The 
student, therefore, when he is led to infer from the result 
of an experiment, that a certain substance is present, 
should refer to the action of other reagents on the par- 
ticular metal or acid in question ; when he will have no 
difficulty, by applying two or three of the most charac- 
teristic tests to some of the original solution, in proving 
his supposition to be correct or otherwise. 



CHAPTER n.^ 

QUALITATIVE ANALYSIS OF A SIMPLE SALT, CONTAINING ONE 
BASE AND ONE ACID, WHICH IS READILY SOLUBLE IN 
WATER (529). 

SECTION L 
Examination of the Base of the Salt. 

540. Having made a tolerably strong solution of the 
salts, a little of the solution is treated with a drop or two 
of DILUTE HYDROCHLORIC ACID {HOT). If this causcs a 
WHITE PRECIPITATE, it is probably owing to the'presence 

' The student will find in the Appendix a list of salts, &c., which may 
be taken for practice in qualitative analysis. He may first examine a 
few of each kind with the assistance of the book, until he finds himself 
tolerably familiar with the processes ; after which he may try them with- 
out reference to the printea divections. 



QUAXilTATIVB ANALYSIS. IGO 

of either Lead, StlveVy or Protoxide of Mercury, the 
chlorides of which, being more or less insoluble, are 
precipitated as soon as formed. In order to distinguish 
betTreen them, a portion of the liquid with the precipi- 
tate, is supersaturated with ammonia {NH^. 

(a) If this DISSOLVES the precipitate, the base is pro- 
bably Oxide of Silver (377). 

(fr) If the PRECIPITATE BECOMES DARK COLORED, the base 

is probably Protoocide of Mercury (388). 

{e) If the PRECIPITATE REMAINS UNALTERED by the am- 
monia, the base is probably Oxide of Lead (362). 

In either case, a portion of the original solution should 
be tried with some of the most characteristic tests for 
the suspected metal (539). 

Hydro sulphuric Acid Test. 

641. K no precipitate is caused by the hydrochloric 
acid, the acidified portion of the solution is mixed with 
one of HYDROSULPHURic ACID (HS), or the gas may be 
passed through it (701) until it smells perceptibly. If 
THIS CAUSES NO CHANGE, the student may pass on to 
(547) ; but if a precipitate is produced, the base is thus 
shown to be one of these in the fourth class (179), since 
none of the others are precipitated from an acidified 
solution by hydrosulphuric acid. 

642. If THE PRECIPITATE IS BLACK, the basc is either 
oxide of Le€uiy oxide of Copper, oxide of Bismuth,^ or 
peroxide of Mercury. To prove which of these it is, 
add to separate portions of the original solution in a 
test-tube, the following tests, until one of them is found 
to indicate the metal present. 

(a) Add a little dilute sulphuric acid {H0,S0^). If 
this causes a white precipitate, the base is probably 
Oande of Lead, the white precipitate being in that case 
sulphate of lead (PbOjSOa) (361). To confirm this, 
add some of the other tests for lead (356, 363, 364). 

(b) K THE SULPHURIC ACID GIVES NO PRECIPITATE, add 

to another portion a solution of ammonia (iVBg) ; if this 
causes at first a light blue precipitate, which on the 

^ Bismuth is seldom met with in insoluble compounds since most of 
its Raits are insoluble, or only very sparingly soluble, in water. 

15 
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addition of ammonia in excess, redissolves, forming a 
deep rich -blue solution, the base is Oxide of Copper 
(369). (Confirm 371, 372.) 

((?) To another portion of the original solution, add a 
few drops of a solution of potash (^0) ; if this causes a 
YELLOW precipitate, the base is Peroxide of Mercury 
(351). (Confirm 346, 353, 354.) 

(d) If none of these tests succeed, a little of the solu- 
tion should be evaporated nearly to dryness with 
HYDROCHLORIC ACID, and then added to a considerable 
quantity of water in a test-tube ; if a white precipitate 
is produced, the base is probably Oxide of Bi%mv£h 
(394). (Confirm 395, 397.) 

543. If THE PRECIPITATE CAUSED BY HYDROSULPHURIC 

ACID IS BROWN^, the basc is probably Protoxide of Tin, 
(381). (Confirm 379, 382, 386.) 

544. if THE PRECIPITATE CAUSED BY HYDROSULPHURIC 

ACID IS YELLOW, either the base is Peroxide of Tin 
(388), or one of the oxides of arsenic is present (307).^ 
To determine which of these it is, add to a portion of 
the original solution, a few drops of dilute ammonia;^ 
if this cause a white precipitate, the base is probably 
Peroxide of Tin (390) (confirm 387, 393) ; while if the 
SOLUTION REMAINS CLEAR, the ycUow sulphidc is proba- 
bly that of Ar%enic.'' (Confirm 303, 312.) 

545. If THE COLOR OF THE PRECIPITATE THROWN DOWN 

BY HYDROSULPHURIC ACID IS ORANGE, the basc is probably 
Oxide of Antimony (329). (Confirm 332, 334.) 

546. If THE PRECIPITATE WITH HYDROSULPHURIC ACID IS 

WHITE, the base is probably Peroxide of Iron^ sulphur 
being in that case precipitated (278). (Confirm 280, 
282.) 

' Although both of the oxides of arsenic (AsOj and AsOs) have acid 
properties, they are best included here among the bases, on account of 
their behavior with hydrosulphuric acid. 

2 When in the examination of a salt, the precipitate with hydrosul- 
phuric acid is found to be owing to the presence of arsenic, we must 
s-ill seek for the base by further experiments, since both the oxides of 
arsenic are acids. When the substance is soluble in water, the base in 
combination with the arsenious or arsenic acid will probably be found 
t) be one of the alkalies, since the arsenites and arseniates of all the 
o'her metallic oxides are insoluble in water. 
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UydrosuIpJiate of Ammonia Test, 

647. When hydrosulphuric acid causes no precipitate, 
it may be inferred that no metal of the ft)urth class 
(179) IS present, and that the metal contained in the 
salt belongs consequently to one of the three other 
classes. Add a little muriate of ammonia (NHJJlf to 
a portion of the original solution, and then a few drops 
of dilute AMMONIA, unless the solution was quite neuti:al ; 
in which case the addition of ammonia is unnecessary, 
its use being to prevent the presence of any excess of 
acid, which might interfere with the action of the hy- 
drosulphate of ammonia (440). 

648. Add now to the neutral or slightly ammonia- 

CAL SOLUTION, HYDROSULPHATE OF AMMONIA. If this 

causes no precipitate, none of the metals of the third 
class can be present, and the student may pass on to 
(658). If A PRECIPITATE APPEARS, howcvcr, the base is 
thus shown to be one of those included in the third 
class : viz. Alumina oxide of Chromium^ oxide of Zinc^ 

?rotoxide of Manganese^ Protoxide of Iron^ Peroxide of 
roTiy oxide of Nickel^ or oxide of Cobalt 

649. If THE PRECIPITATE IS BLACK, the basc is either 
protoxide or peroxide of Iron, oxide of Nickel, or oxide 
of Cobalt. To distinguish between them, add to a fresh 
portion of the solution a little caustic potash. 

(a) If this causes a dull pale green precipitate, 
which on exposure to the air becomes rust colored,^ 
the base is Protoxide of Iron (273). (Confirm 276.) 

(6) If it throws down a rust colored precipitate, the 
base is -probBbly Peroxide of Iron (281). (Confirm 282.) 

{c) If the precipitate caused by potash is pale green, 
which does not become brown by exposure to the air, 
the base is probably Oxide of Nickel (288). (Confirm 
287, 291, 292.) 

^ Muriate of ammoDia is here added to prevent the precipitation o^ 
any magnesia that may be present (200) ; which, as it does not belong 
to the third class of metals, might cause confusion. 

* When it is expected that a change of color will be caused by ex- 
posing a precipitate to the air, the best way is to pour a little of the 
precipitate with the solution containing it, on a piece of filtering-paper; 
when it will come more completely in contact with the air than when 
allowed to remain in. the test-tube. 
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(d) If the precipitate is light blub, changing to dir 
pink when boiled, the hase is probably Oxide of C ' 
(295). (Confirm 296, 299.) 

550. If THB PRRCIPITATE CAUSED BY HTDROSULPnATl 

OP AMMONIA IS PLEsn-coLOBED, becoming brown by e, 
posure to the air, the base ia probabij Protoxide t 
Manganese (263). (Confirm 264, 267.) 

551. If THE PRECIPITATE THROWN DOWN BY THE HYDRfld 

SPlPHATB IS WHITE, the base is either Alumina or Oxim 
of Zinc. To distinguish between them, add to a freal 
portion of the original solution a Uttle dilute ammonu 

(a) If this causes a whitb precipitate, which ' 
READILY SOLUBLE in Gxcess of ammouia, the base •- '^-'■ 
of Zine (255). (Confirm 260, 261.) 

(6) If, on the contrary, the white precipitate throw 
down by ammonia ia insoluble in excess, the base S 
Alumina (241). (Confirm 245.) 

552. KtHE precipitate caused BY THE HYDROSULPH ATI 

IS aRBEN, the base is probably Oxide of Chromium (2471 
(Confirm 248, 251, 252.) 

Carbonate of Soda Test. 

.OSS. In case neither hydroaulphuric acid nor hydrc 
sulphate of ammonia produce any precipitate, weknoi 
that no metal of the third orfourth class can be presenu 
and that the base we are in search of must consequent! 
belong either to the first or second class. 

Add a slight excess of cardonatb of soda {NaO,C 

TO A PORTION OF THB ORIGINAL SOLUTION; if this cat 

HO PRECIPITATE, the baso does not belong to Class I 
and the student may pass on to (555). u', on the c 
trary, a white prbgipitate is produced, tlie base ia i 
of those included in the second class, viz. Magneti 
Lime, Baryta, or Strontia. 

554. To determine which of these it is, add to a li 
of the original solution in a neutral and coneentratedS 
state, a few drops of a solution of sulphate of soda a"' 
long as it causes any precipitate. 

(a) If this causes no precipitate, even after standir 

i The sulphate of lime retjuires for its solution 500 timcf 
of watar; si> Ihat Dvcn a. couceiitraled solution of this salt ContftjoaS 
limB 111 a i,ialily diluted state. "^ 
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a few minutes, the base is probably Magnesia (206) 
(confirm 206, 209) ; or Lime in the state of sulphate of 
lime {CaO.SO^ (216)J (Confirm 216, 217, 210.) 

(ft) If, on the contrary, a precipitate is produced, 
the base is either Lime^ Baryta^ or Strontia : to dis- 
tinguish between them, filter the mixture, and test the 
clear filtered liquid with oxalate of ammonia. If this 
causes a white precipitate, the base is probably lAme 
(216). (Confirm 215, 218.) 

[e) If the oxalate causes no immediate precipitate 
nr THB filtered solution, add to a little of the original 
solution, a solution of sulphate of lime. If this causes 
AN immediate precipitate, the base is probably Baryta 
(225), (Confirm, 227, 228.) 

{a) K the precipitate dobs not appear at first, on 
the addition of the sulphate of lime, but gradually 
separates after some little time, the base is probably 
Strontia (233). (Confirm 236.) 

665. Ii neither hydrosulphuric acid, hydrosulphate of 
ammonia, nor carbonate of soda, produce any precipitate, 
the base is one of the first class viz.. Potash^ Soda^ or 
Ammonia. To ascertain which of these it is, 

(a) Add to a portion of the dry salt, or of the concen- 
trated solution, in a test-tube, a little caustic potash 
(JSTO), and boil: if the smell of ammonia is perceptible, 
and if the vapor produces dense white fumes when a 
rod, moistened with hydrochloric acid, is held near 
the mouth of the tube, the base is Ammonia (195). 
(Confirm 192, 194.) 

(ft) K it is not ammonia, add a little bichloride of 
platinum to the concentrated solution ; if this causes a 
yellow crystalline precipitate, either immediately or 
after standing a short time, the base is Potash (185). 
(Confirm 186, 187.) 

(c) If NO precipitate appears, and if the solution 
fix)mthe last experiment, on evaporating spontaneously, 

DEPOSITS YELLOW NEEDLE-SHAPED CRYSTALS, whlch are 

^ After determining the base of a salt which we know to be soluble 
in water, it is of course unnecessary, in the subsequent examination, to 
look for any acid that forms with the base an insoluble salt. (See Table 
of Solubilities, in the Appendix.) 
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readily solnble in water, the base is Soda (188). (Coal 
firm 189, 190.) 

SECTION II. 
Examination for (he Acid} i 1 

556. Having aacertained the base of the salt unde^M 
examination, we next proceed to discover the acid wi^ 
which it is combined; and here we will, as before, J 
the sake of aimpUcity, leave out of sight all the rare 
ones, and confine ourselves to those inorganic aci^ 
which are most commonly met with in analysis, viz.,;'' 



Hydrochloric (hci). 
Hydriodic (ill). 
Hydrosulphuric (HS). 
Nitric {EO,N'0,). 
Chloric {HO,aO,). 



Snlphurie {ffO,SO,y 
Phosphoric (POJ. 
Boraeic (BO^). 
Carbonic (COs). 
Silicic (SiOj). 

557. A portion of the original solution, which 
this purpose should be tolerably concentrated, is i 
treated with dilute scLpHtiRic acid. If no apparehT.I 
CHANGE takes place, or if merely a precipitate is pa<K;l 
DUCED, the student may pass on to (558) ; but if EFFBl^a 
VESCBNDB ENSUES, the acid is probably either OarbonS^M 
or M^drosulphnrie. 

(a] If the gas evolved is inodorous, the acid is prt 
bably Carbonic (419). (Confirm 420, 421.) ' 

(J) If the gaa baa a smell resemblinq that of rott^ 
EGOS, the acid is Hydrosulphuric ; or Sulphur combing 
with a metal (438). {Confirm 439, 443.) ' 

(c) If the dilute sulphuric acid gives a palb xblldw 
oil BROWN color to tlic solution, the acid is probabhj 
Si/driodic, in which case iodine is set free, and bein^ 
slightly soluble, colors the liquid (437). (Confirm 43£ I 
435,436). (See also 559 6.) fl 

558. If no effervescence ia produced by the diluw 1 
sulphuric acid, a portion of the original neutral solution I 
is tested with chloridb of rarium (BaCt) ; if this ppc^ J 
duces NO precipitate, the student may pass on tjJ 
(559); but if a precipitate appears, the acid is pixKfl 
bably either Sulphuric, Phosphoric, Boradc, or Silicie^^^ 

' AraeniouE or arsenic acid, if present, would also cause a ptecipitotf 
with chloride of Ijarium ; but it» presence will bave bseo already w 
tained during the psamination for the base of the salt (544). 
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since baiyta forms with each of them an insoluble 
salt. 

Should any base have been found to be present, which 
forms an insoluble or sparing^ soluble chloride, such as 
lead, silver, &c. (see Table tX, in the Appendix), a 
precipitate would here be formed by the chlorine of the 
chloride of barium. In such cases, a solution of nitrate 
of baryta may be substituted for the chloride. 

(a) To distinguish between the acids above enume- 
rated, add a little strong hydrochloric acid to the mix- 
ture with the precipitate , if the latter does not dissolve, 
the acid is probably Sulphuricj because the sulphate of 
baryta is insoluble; while the phosphate, borate,, and 
recently precipitated silicate of baryta, are solilble in 
hydrochloric acid (403). (Confirm 404, 405.) 

If, on the contrary, the precipitate dissolves in the 
hydrochloric acid, the acid is either Phosphoric^ Boracicj 
or Silicic. 

(6) Evaporate a little op the original solution to 
dryness with hydrochloric acid; treat the residue 
i^in with more of the acid; wash the insoluble matter 
(u any) with water, and examine it before the blowpipe 
with carbonate of soda ; if a transparent colorless 
bead is obtained in this way, the acid is probably Silicic 
(427). (Confirm 424.) 

(<?) If it is not silicic, add a little nitrate of silver 
to a portion of the original solution ; if this gives a 
pale yellow precipitate, the acid is probably Phos- 
phoric (410). (Confirm 409, 412.) 

{d) u the precipitate thus produced is white, and 
soluble in nitric acid and in ammonia, it is probably 
Baracic (4:16). (Confirm 417, 418.) 

559. If chloride of barium causes no precipitate, a 
portion of the original solution must be treated with 
NITRATE OP silver {AgOyNO^ : if this causes no preci- 
pitate, pass on to (560) ; but if a precipitate is pro- 
duced, tiie acid is probably either Hydrochloric or JBy- 
driadic. 

{a\ If the precipitate is white and curdy, insoluble 
in nitric acid, but readily soluble in ammonia, the acid 
is Hydrochloric (429). (Confirm 431.) 
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{b) If THE PRECIPITATE HAS A PALE STRAW COLOR, and 

is almost insoluble in ammonia, the acid is probably 
Etfdriodic (433\ (Confirm 435, 436.) 

560. If neitner chloride of barium nor nitrate of 
silver give any precipitate, the acid is probably Nitric 
or Chloric. 

(a) Warm a little of the concentrated solution 

WITH STRONG SULPHURIC ACID AND COPPER FILINGS; if 

ORANGE FUMES are given off, the acid is probably Nitric 
(448). (Confirm 449, 450.)^ 

(6) If the acid is not nitric, test a small quantity of 
THE solution FOR CHLORIC ACID, in the manner described 
in paragraphs (454, 455) and confirm (457). 



CHAPTER in. 

QUALITATIVE ANALYSIS OF A SIMPLE SALT, CONTAINING ONE 
BASE AND ONE ACID (OR A SIMPLE METAL), WHICH IS IN- 
SOLUBLE OR NEARLY SO IN WATER, BUT SOLUBLE EITHER 
IN HYDROCHLORIC, NITRIC, OR NITROHYDROCHLORIC ACID 
(530 ET SEQ.) 

SECTION L 

Examination for Base, 

561. In dissolving a substance in acid for the purpose 
of analysis, it is advisable to avoid using a large excess 
of the solvent, since it might afterwards interfere with 
the action of some of the reagents ; when a lar^e excess 
has inadvertently been used, it is consequenfljr neces- 
sary to get rid of most of it by evaporation, taking care 
of course that' sufficient acid is left to retain the sub- 
stance in solution. Most of the substances which are 
insoluble in water and soluble in acids, owe this solu- 
bility to their conversion into compounds which are 
soluble in water ; as when zinc or marble is dissolved in 
dilute hydrochloric acid, the metallic chloride which is 
formed {ZnClj or OaCl\ is soluble in water, and conse- 
quently requires no excess of acid to retain it in solu- 
tion. In some cases, however, when the acid acts 
merely as a solvent towards the substance, without 
causing decomposition, it is necessary to have an excess 
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of acid, to retain it in solution. This is the case with 
the phosphates of the alkaline earths, and some other 
salts, which would not dissolve again if the whole of 
the acid used to dissolve them were to be expelled. 

662. When nitric acid has been employed, either 
alone or in conjunction with hydrochloric acid, it is ad- 
visable to expel it, and convert the nitrates into chlorides 
by adding an excess of hydrochloric acid, filtering if 
necessary (as when silver, lead, or mercury are present 
(640) ), evaporating the solution nearly to dryness, and 
adding water or dilute hydrochloric acid. The reason 
why it is advisable to get rid of the nitric acid is, that 
it oxidizes and decomposes hydrosulphuric acid, which 
has to be applied as a test, and thus prevents that re- 
agent playing its proper part in the process. 

Hi/drosulphuric Acid Test 

663. Dilute the acid solution with three or four times 
its bulk of water,^ and test a portion of it with hydro- 
sulphuric ACID ; if this causes no precipitate, pass on 
to (564) ; but if a precipitate is produced, refer back 
to (640 to 546), as this part of the examination is con- 
ducted in the same way as when the substance is soluble 
in water. 

Hydrosulphate of Ammonia Test, 

564. If hydrosulphuric acid gives no precipitate, the 
base cannot belonff to the fourth class. A portion of 
ttie solution should next be neutralized with ammonia, 
if it contains an excess of acid, or if neutral, a little 
huriate of ammonia should be added (547), and subse- 
quently treated with hydrosulphate op ammonia. 

If this causes no precipitate, pass on to (570); but 
if A precipitate is thrown down, the base is probably 
one of those belonging to Class III; or else the precipi- 
tate may consist o]Fthe Phosphate of one of the Alkaline 
JSartJis, which, in that case, would have been dissolved 
by the acid, and reprecipitated unchanged when the 
acid was neutralized by the ammonia and hydrosulphate 
of ammonia. 

1 If a white precipitate is formed on diluting the acid solution, it is 
probable that either antimony, bismuth, or tin is present (332, 380, 
394). 
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565. If THE PRECIPITATE CADSED BY THE HTDROSI 

PHATB IS BLACK, tlie b.ise is probably protoxide or p< 
oxide of Iron, oxide of Nickel, or oxide of Cobalt. 
distinguish between them, apply the teat mentioned 
(649). 

566. If XHB PRECIPITATE THROWN DOWN BY THE HYDl 

BULPHATB IS FLESH-COLORED, becoming brown by 
posnre to the air, the base \B]iTohably Protoxide of I 
ganese (263). (Confirm 264, 267.) 

567. If THE PRECIPITATE IS OBBIEN, the basQ is pi 
bably Oxide of Chromium (247). (Confirm 248, - 
252.) 

568. If TEB PRECIPITATE IS WHITE, the base 13 eithf 
Alumina or Oxide of Zine; op else the precipitate con- 
eiata of the phosphate (or ammonio-phosphato) of Mag- 
Tiesia, Lime, Baryta, or Strontia (564).' 

To a portion of the original solution, add potash ia 
excess ; if the preoipitatb at first formed rbdtssolvi " 
the base is either Alumina or Oxide of Zinc, wliich mi. 
be distinguished from each other in the manner A 
scribed in (651). 

569. If the precipitate thrown down by potash 
INSOLUBLE IN EXCESS, it consists probably of an Earti _ 
Phosphate, the base being consequently Magnesia, Lime', 
Baryta, or Strontia. In such a case, it is advisable, 
before proceeding to ascertain which of these is the 
base present, to separate the phosphoric acid from it. 
This 16 done by adding perchloride of iron (Fe^CQ to 
the acid solution, and subsequently ammonia ia alight 
excess; when the whole of the phosphoric acid ispreci- 
pitated_'as perphosphate of iron (2Fe(03,3HO,3POj), and 
any excess of perchloride of iron is at the same time 
precipitated by the ammonia as hydrated peroxide; 
leaving in solution a chloride of magnesium, calcium, 
barium, or strontium, together with muriate of am- 
monia. The solution thus obtained, and filtered from 
the precipitate of iron, may now be tested with carbo- 

^ Somo olher salts of the alknline earths, as the oxalates and borates, 
■would, if piesenf, be ibrown down wlieti the aolulion h neutralized ; 
being, like the phospbatea, soluble onl; in auid Botiitions. For tbe 
sake of aimplicitjr, liowefer, the conaider&tion of such compoanda ia 
here omitted. 



m 



J 



OF SIMPLE SALTS, SOLUBLE IN ACID<. 179 

nate of soda, and further examined according to the 
directions given in (554). 

Carhonate of Soda Test, 

670. K hjrdrosulphate of ammonia causes no precipi- 
tate, a portion of the original solution is to be tested for 
the alkaline earths by supersaturating with carbonate 
OF 80DA (558, &c.). 

671. With regard to the Alkalies, it is hardly neces- 
sary to allude to them here, as the compounds which 
they form with all the acids in our list (with the excep- 
tion of silicic) are soluble in water. In the case of an 
insoluble alkBline silicate, it is only necessary to evapo- 
rate a little of the acid solution of it to dryness, and 
treat the residue with water. The silicic acid will then 
be left insoluble (425), and the aqueous solution of the 
alkaline chloride may be tested for Potash and Soda in 
the manner described in paragraph (555). 

SECTION II. 
Examination for tJie Acids. 

672. If the acid is Arsenious or Arseniej it will have 
been detected in the course of the examination for base 
(568). It is unnecessary to look for Chloric acid, since 
all its salts are soluble in water, and consequently can- 
not be met with here. 

673. A small portion of the substance in the solid 
state is first treated with hydrochloric acid ; if this 
CAUSES EFFERVESCENCE, the acid is probably Carbonic 
(419) (confirm 420) ; or if the gas which is given oft' 
nas the smell of hydrosulphuric acid, the substance 
under examination is probably a metallic Sulphide (438). 
(Confirm 439, 444.) 

674. If the substance is not acted on by the hydro- 
chloric acid, TREAT A little of it with nitric acid, and 
if necessary, boil it. 

(a) If this CAUSES effervescence, orange fumes of 
nitrous acid being given ofi^, and sulphur at the same 
time deposited, me substance is probably a metallic 
Sulphide (439). (Confirm 444.) 
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(6) If the substance dissolves in sithic acid withoitK' 

EFFBKVESCENCK, add NITRATE OF SILVER tO the acid Bolo^ 

tioii ; a WHITE CDRDY precipitate, soluble ill ammoiiia^ 
indicates Hydrochloric Acid, the original substance beinK 
in that case a Okloride (429). (Coufirm 431.) 

575. Treat a little of the substance in the solid statf 
with strong bulpbcric acid, and applj heat. 

[a) If this causes the disengagement of violet vap(H 
OP IODINE, the substance under examination is an lodicU 

.*''•''• . . . .i 

(J) Add a little alcohol to the acid mixture, whia 
for this experiment should not contain more than a fen 
drops of sulphuric acid, and apply a light to it in asmai 
evaporating dish, placing it in a dai-k corner, so as ti 
distinguish the color of the flame more readily. If tk 
FLAME IB QHBBN at the edges, the acid is probabljrfl 
Boracie (418). (Confirm 417.) 

(c) Evaporate to dryness a little of the substance after 
boiling with sulphuric acid, and digest the residue in 

HOT HYDROCHLORIC ACID; if this IcaVCS a WHITE IN30- 

LDBLE POWDBR, which wheu washed, and heated befont 
the blowpipe with carbonate of soda, fuses into a coitM 
less transparent bead, the acid is Silicic (425, 427). 

(d) Dilute the hydrochloric acid solution formed i_ 
(c) with water, and add a solution of chloride op HABitiltfjfl 
if this causes a white precipitate, which is insoluW 
in nitric acid, the acid is probably Sulphuric (40^ 
(Confirm 405, 406). 

576. In testing for PkoBphoric Acid, one of the t« 
following methods may be adopted, according as t 
base of uie salt has been found to belong to theseeondjl 
third, or fourth class (179). *\ 

(a) If the base is one of those in Class IV, the diluted I 
acid solution of the substance, containing only a slighll 
excess of acid, is saturated with dydeosulpeurio aoibI 
(701); this precipitates the metal, .and seta free thitJ 
phosphoric acid (if present), which remains dissolva' 
in the solution. 

3 Cii 0,POs+ 3H3= .ICuS+.l/f CrOj. 

The liquid should now be filtered from the precid 
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tated sulphide, concentrated by evaporation, supersatu- 
rated with AMMONIA, and tested with sulphate of mag- 
nesia ; if a white crystalline precipitate is gradually pro- 
duced, which is insoluble in muriate of ammonia, the 
acid is probably Phosphoric (409). (Confirm 410, 412.) 

(ft) If the base has been found to oelong to Class 11, 
In, PBRCHLORIDB OF IRON (Fe^Cl^ is added to a por- 
tion of the solution of the substance in hydrochloric 
acid, and subsequently ammonia in slight excess ; the 
phosphoric acid, if present, is precipitated in combina- 
tion with the iron as perphosphate of iron, together 
with a little hydrated peroxide of iron, if the perchloride 
has been added in excess. The precipitate thus formed, 
containing the whole of the phosphoric acid (if sufficient 
perchloride of iron has been added), is now well washed 
with distilled water, and digested with the aid of heat 
in hydrosulphate of ammonia, by which it is decom- 
posedy sulphide of iron and phosphate of ammonia being 
formed (413); the latter being soluble, may be sepa- 
rated fix)m the sulphide by nitration, and tested for 
Phosphoric Acid with sulphate of magnesia (409). 
(Confirm 410, 412.) 

677. If the acid is found to be none of those now 
referred to, it may be nitric, a few of the subnitrates 
being insoluble in water and soluble in acids. To de- 
termine this, a little of the substance in a tube is tested 
with sulphuric acid and copper filings, when the 
appearance of orange fumes will indicate the presence 
of Nitric Acid (448). (Confirm 449, 460.) 



CHAPTER IV. 

qualitative analysis of a simple salt, containing one 
base and one acid, which is insoluble or nearly so 

IN WATER, hydrochloric, NITRIC, AND NITROHYDRO- 
CHLORIC ACIDS (532). 

678. If the salt under examination has been found 
insoluble in the above solvents, it is probably one of 
the following substances, viz., a Silicate of one of the 

IG 
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metals belonging to Class II, III, or IV ; Sulpliate d 
Lime (CaO,S03); Sulphate of Baryta (BaO.SO,); S^ 
phate of Strontia (SrO.SOs) ; Sulphate of Lead (PbO.SC^ 
Chloride of Lead (PbCl), or Chloride of Silver (AgC; 
Some of these compounds are not altogether ineouibS 
either in water or acids, as the sulphate of lirae ana 
chloride of lead ; but since they are onlj very sparingl|^ 
HO, it is possible they may be placed under this head t^l 
the experimenter. 

579. A small fragment of the substance is moistenej 

with HYDROStlLPHATE OF AMMONIA: if it REMAINS WUIT|^ 
pass on to (580) ; but if it blackens, it is probably Githa| 
Sulphate of Lead, Chloride of Lead, or Chloride of Silv^ 
A little of the substance in fine powder should in thj 
case be digested for a few hours in hydrosulphate g_ 
AMMONIA, which will gi-adually decompose it, the meta 
combining with the sulphur to form an insoluble s 

Ehide, while the acid unites with the ammonia of t^ 
ydrosulphate, to form a soluble salt of ammonui 
Thus, in tlie case of sulphate of lead, 2(PbO,80,).-4 
NH^S,SS^2PW+Nff,0,S0,+ir0,S0,. '^ 

(a) After filtration, the precipitated sulphide is didj 
solved iu nitric acid, and the solution thus obtainec. 
may be tested for Lead with biilphuric acid (361), anu 
for Silver with hydrochloric acid (377). . ;■ 

(6) The solution filtered from the sulphide is ne^l 
examined for Sulphuric Acid with chloride of baridm 
(403), and for Mydroehloric Aaid (Chlorine) with nitrate 
of silver (429), ooufiriuator)' experiments being made 
in each case. 

580. Ifthe substance remains white when moistened 
WITH htdrosulphatb OP AMMONIA, it is probably either 
a Silieate, or the Sulphate of one of the alkaline eai-tha, 
Lime, Baryta, or Strontia, A portion of the substance 
(about twenty to thirty grains) is reduced to fine powder, 
and iutimately mixed ^vith four or five times its weight 
of diy carbonate of soda. The mixture is placed in a 
platinum (or porcelain) crucible,' and heated to redness, 

' Great care is necessarj in using a platinum crucible, that nothing 
is heated in it which is likely to corrode it. Compuunda of itie easil)' 
reduced and fusible metals, as tin, antimony, lead, bismuth, 4e., auli- 
staneci) containing sulphur, as metallic sulphides, caustic alknlies, nicro- 
h_vdrocbloric acid, besides murij other siihstnnccn, urc nil mcirc ni- les^ 
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either in a furnace or over a lamp, for about an hour 
(648). The fused mass, when cool, is digested in dilute 
hydrochloric acid until it is for the most part dissolved, 
and a little of the solution is tested for Sulphuric Acid 

with CHLORIDE OF BARIUM (403). 

(a) K THIS INDICATES THE PRESENCE OF SULPHURIC 

ACID, the substance is probably the Sulphate of Lime, 
Barjfta, or Strontia, and the acid solution may be neu- 
tralized with AMMONIA, and examined for those bases 
according to the directions given in (554). 

(6) If NO SULPHURIC ACID IS PRESENT, the substancc is 
probably a Silicate. In this case the hydrochloric acid 
solution, together with any portion that may have re- 
sisted solution, is evaporated to dryness, and the residue 
treated with hydrochloric acid, and subsequently with 
water ; if a white insoluble powder remains, which 
fuses vdth carbonate of soda before the blowpipe, into a 
clear colorless bead. Silicic Acid is present (425, 427). 

The solution obtained in (6), by treating the dry 
residue with hydrochloric acid and water, contains the 
base with which the silicic acid was combined; and 
may be examined according to the directions given in 
paragraphs 563 et seq. 



CHAPTER V. 

qualitative analysis of a mixture op two or MORE 

salts which may contain all the bases and acids 
in the list (179). 

Introductory Remarks. 

681. Unless we have reason to know that a substance 
intended for analysis contains only one base and one 
acid, it is necessary to assume that it may contain any 
or all of the more common saline compounds. Such 
an analysis is of course considerably more complicated 

injurious. When a platinum crucible is heated in a furnace or open 
fire, it must be placed in a covered earthen crucible to protect it from 
injury j a little pounded magnesia should be interposed between them, 
to prevent their sticking together, as at a high temperature the surface 
of the earthenware is liable to fuse (648). 
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than that of a single aalt; aud consequently the ni_ 
cessity of hiwing a well-devised scheme of experiinenli'j 
ia here even greater than in the former ease, when on^ 
base and acid had to be dotermiued. jj 

The method of dealing with such a mixture is, £rs^ 
to separate the whole of the metals of the fourth claa*.^ 
(if any are present) by passing hydrosulphuric acid 
through a solution of the substance acidified with hyi 
chloric acid, and filtering the solution &om the precipi 
tate : the precipitate is then dissolved in acid, and testt ' 
successively for each of the metals of the fourth cloe 
The filtered solution, containing all tlie bases but thoi _ 
of the fourth class, is then neutralized, and treated witjs 
Lydrosulphate of ammonia, which throws down all the 
metals of the third class (if any are present) ; and the 
precipitate filtered from the solution is dissolved in acid, 
and tested successively for each metal of the third class* 
The solution filtered from the sulphides can now onljf. 
contain any metala of the first and second class that 
may be present, which may readily be distinguished " 
a few simple tests. 

582. The student must be careful when making thef 
experiments, that he adds sufficient of the various re»*' 
agents, to throw down the whole of the metals aflectea 
by them, since any ti'aces of the metals belonging to a 
class supposed to have been entirely removed from the 
solution, would materially interfere with the indications 
afforded by the subsequent tests. Tor example, in tha>.^ 
analysis of a mixture of a salt of lead and a salt of lime, 
if sufficient hydrosulphuric acid were not passed through 
the solution to separate the whole of the lead, a black 
precipitate of sulphide of lead would be formed on the 
addition of hydrosulphate of ammonia to the filterei 
liquid, indicating the presence of one or more metals or 
the third class, none of which are really present. Onf" 
the other hand, the addition of a large excess of any of 
the reagents ia also to be avoided, as being not only 
useless and wasteful, but in many cases mischievous. 

Both these errors may be avoided by adding the re- 
agents in small successive portions ; and when the ex- 
perimenter has reason to think that ho has added suffl- 



ia, 

•B, Ml 

mt H 

M 



Of MIXED SOLUBLE SALTS. 185 

cient, let him filter a few drops of the mixture, and 
apply to the solution a little more of the reagent : if 
mis produces no further precipitate, he may conclude 
that enough has been added. 

588. Waen a class of metals has been precipitated by 
either of the general reagents mentioned in (581), it is 
always advisable, before proceeding to apply any of the 
subsequent tests to the filtered solution, to ascertain 
whether it contains any other fixed bases ; as if it does 
not, the examination of it need not be proceeded with. 
This is readily known by evaporating a drop or two of 
the solution on platinum foil, and heating it to redness ; 
when, if no residue is left, it may safely be concluded 
that all the bases (except ammonia, which must be 
looked for in a separate portion (602) ) have been al- 
ready separated. In the course of an analysis, especially 
of a complicated substance, it is often necessary to have 
several solutions in hand at the same time ; to avoid 
confusion, each of these should be labelled with a bit 
of gummed paper, with a letter or mark upon it, re- 
ferring to a corresponding letter in the note book (7). 

684. As one portion of the substance to be analyzed 
has to be carried through several operations, it is ad- 
visable that the quantity operated on should not be very 
small. When the substance is a solid, twenty or thirty 
grains maybe used; and when in solution, an ounce or 
two (according to the degree of concentration) will be 
found a convenient quantity. 



CHAPTER VI. 

QUALITATIVE ANALYSIS OF A MIXTURE OF SALTS WHICH MAY 

CONTAIN ALL THE BASES AND INORGANIC ACIDS IN THE 

LIST (1T9), AND WHICH IS READILY SOLUBLE IN WATER 

(529).' 

SECTION I. 

Exam in a Hon for Bases. 

685. The solution is first rendered slightly acid by 

^ It 18 of course impossible that such a solution can exist, containing 
all the bases and acids in the list, since several of them would form 

16* 
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the addition of a few drops of HYDROcnLonro acid ; 
this causes no precipitate, pass on to (586) ; but if 4 

WHITE PRECIPITATE IS PRODUCED, it is OWlDg to the pr( 

sence of Silver, Lead, or Protoxide of Mercury. In tlu 
caae, add htdroculorio acid as long as it causea an]| 
precipitate; filter the liquid, and wash the ineoluhff 
chloride. J 

Place a flmall portion of the moist precipitate in im 
test-tube, and treat it with ammonia. j 

(a) If THE PRECIPITATE DISSOLVES COMPLETELY, it COOj 

sista wholly of chloride of silver, proving of course ttjT 
presence of Silver in the substance under examinatl(^ 
(377). (Confirm 374, 378.) , 

(b) If THE PRECIPITATE 13 BLACKENfSD, and not W^llolH 

dissolved, by the ammonia, it probably contains protc 
chloride oi Mercury (338). (Confirm 336, 344.) 

(c) If it appears to be unatpected by tub aumoniju 
it is chloride of Lead (362). (Confirm 361, 363, S"" '^ 

{d) If IT DOBS NOT WHOLLY DISSOLVE {b and c), pa« 
the ammoniacal mixture through a filter, and neutraiiz 
the solution with nitric acid : if Silver, in addition t4 ^ 
lead or mercury, is present, it will be reprecipitated i 
chloride (377). (Confirm 374, 378.) ^ j 



Bi/'hosvlphii; 



lid Test. 



586. The solution, acidified with, hydrochloric acira 
and filtered if necessary from the precipitate, is nffw 
■ treated with nYDROStiLpuunic acid gas, which must bS 
passed through it until, after removing the dehverinif 
tube, and blowing the air from the surface of the solo^ 
tion, the latter smells distinctly of the gas. If so prb- J 
ciPiTATE IS PRODUCED, even on boiling the mixtur&fl 
pass on to (593) ; but if on the contrary, a precipitat«iJ 
FALLS, one or more of the metals of the fourth class arttj 
present : if this is the case, the precipitate must b» J 
separated from the solution by filtration, and washoifl 

sails whicb are insoluble in w&ter, aa btiryta and sulphuric ( _. , _. 
of silver and hydrochlorio ncid, &c. It is conseqnenttj nnneceas 
atler htiring determioed the bases in a mixture of salts golable ii 
water, to look for any acids which form with them aalla that m 
aoloble. (See Tabic of Solubilities in ihc Appendix.) 
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with distilled water, until a drop of the washings leaves 
no fixed residue when evaporated on platinum foil, the 
filtered solution being carefully reserved for further 
examination (593)J 

587. If THE PRECIPITATB PRODUCED BY HYDROSULPHURIC 

ACID IS YELLOW, it may be owing to the presence of 
Arsenie (307), or Peroxide of Tin f388). In this case it 
is advisable first to diy a little oi the precipitate, and 
to test it for arsenic with black flux (303). If arsenic 
is thus found to be present, we may at once conclude 
that no bases, with the exception of the alkalies, can be 
present, because the compounds of arsenious and ar- 
senic acid, with all the other bases, are more or less 
insoluble in water, and consequently cannot exist in 
an aqueous solution, like that now under consideration. 
When therefore arsenic is found, the student may at 
once pass on to (601) : and having concentrated the so- 
lution, and diviaed it into three portions, proceed to 
examine it for potash, soda, and ammonia. 

688. When arsenic is not present, or when the pre- 
cipitate CAUSED BY HYDROSULPHURIC ACID IS ANY OTHER 

COLOR THAN YELLOW, it must, after being well washed 
(586), be separated from the filter, and digested, with 
the aid of a gentle heat, for about a quarter of an hour, 
in a small basin, with hydrosulphate of ammonia. If 
the sulphides of Antimony or of Tin are present, they 
will dissolve in the hydrosulphate, forming soluble 
double sulphides, while the sulphides of the other me- 
tals of the fourth class that may be present, will remain 
undissolved.* 

If the sulphides, or any portion of them remain un- 
dissolved, by THE hydrosulphate, the mixture must 

^ In qualitative analysis, the first portions only of the washings need 
be retained (unless we possess only a small quantity of the substance), 
as the rest would only uselessly dilute our solution ; but in quantitcdive 
analysis, it is necessary to retain the whole of them, as their rejection 
would occasion a serious deficiency iA the weight of the substance un- 
der examination. 

' If copper is present, which may be readily ascertained by adding 
ammonia in excess to the original solution (369), sulphide of potassium 
must be substituted for the hydrosulphate of ammonia, because the lat- 
ter would dissolve some of the sulphide of copper. 



188 



QUALITATIVE ANALYSIi 



be filtered, and tbe insoluble portion well washed ; th*. 
solution will then have to be examined for Antimonif a 
Tin, and the insolable portion for Lead, Bismuth, Cop 
per, and Mercury, thus : — 

589. Dilute the hydrosulphate of ammonia aolutiorf 
witb about an equal bulk of water, and BUpereaturartJ 
it with ACETIC ACID, wbich will cause a precipitation m\ 
sulphur (440) and of the sulpbidea of tin and antimon^ 
if they are present (330), This precipitate is waBhet 
with water, dried, and a little of it gently ignited ( 
platinum foil, to prove whether it contains anythic 
more tliau eulpbur, in wbich case, a fixed residue ] 
lett ; while, if the whole volatilizes, the examinatioi 
of the matter precipitated by the acetic acid need noil 
be proceeded with, and tbe student may pass on t ' 
(590), neither tin nor antimony being present. 

If, on the other hand, a residue is left oh the pla>\ 
tinum foil after ignition, either Tin ox Antimony i^ \ 
both) are present; in this case the precipitate may btf J 
boiled for about balf an hour in a test-tube with strong' I 
uTDBOCHLOKic ACID, and, after standing forashort tiiaa f 
to allow tbe undissolved sulphur to subside, the clear | 
solution, wbich may contain the chloride of antimonjj 
and perehloride of tin,' is ponred off, 

{a) Dilute a portion of the hydrochloric acid solutia 
witb four or five times its bulk of water : if it begohhi 
MILKY, Antimony is probably present (332). (Confin 
333,334.) • 

(J) Evaporate another portion of the hydrochlori 
acid solution to dryness, mix the residue with carbonata 
of soda, and heat it in the inner flame of tbe blowpipe j J 
if malleable METALLIC GLOBnLES are thus formed, 2W| 
is probably present (379). (Confirm 384, 386.) 

(r) To ascertain whether the tin existed as protoxid^^l 
or peroxide, a little of the original solution may bSI 
tested with tbrchloridb of gold, which gives a purpl< f 
PRBCIPITATB with Protoialts of Tin (386). 



' IFlhe tin existed s 
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690. The portion of the sulphides which did not dis- 
solvi^n the hydrosulphate of ammonia (588), must now 
be examined for LecuJ^ Bismuth^ Copper^ and Mercury. 

The precipitate is removed from the filter, into a 
small evaporating basin, and boiled with strong nitric 
ACID for about a quarter of an hour : the solution is then 
dilated with water, and if anything remains undis- 
solved, filtered. 

691. The undissolved matter may contain sulphide 
of mercury, sulphur and sulphate of lead ; the sulphuric 
acid of which will have been formed by the action of 
the nitric acid on the sulphur of the sulphides. 

(a) Heat a little of it on platinum foil ; if a white 
BBSIDUE is left after ignition, which blackens when 
moistened with hydrosulphate of ammonia. Lead is pro- 
bably present (861). (Confirm 366.) 

(6) Mix another portion of the dried residue with car- 
bonate of soda, and heat it in a hard glass tube ; if Mer- 
cury is present, metallic globules will condense in the 
upper part of the tube (336). 

592. The nitric acid solution (590) may contain lead, 
copper, and bismuth. 

(a) Evaporate the solution nearly to dryness, and 
dilute it with water; if a white precipitate is pro- 
duced, Bismuth is probably present (394). (Confirm, 
896, 397.) 

(ft) To the solution formed in (a), filtered, if necessary, 
from the precipitate, add dilute sulphuric acid ; if 
this causes a white precipitate. Lead is probably 
present (361). (Confirm 363, 366). 

(c) To another portion of the clear solution {a) add 
AMMONIA in slight excess ; if this gives a pale blue 
precipitate, which readily redissolves in excess of am- 
monia, forming a blue solution, Copper is present 
(369). 

Hydrosulphate of Ammonia Test, 

693. A few drops of the solution filtered from the pre- 
cipitate thrown down by hydrosulphuric acid, or which 
&iled to produce a precipitate with it (586), are now 
evaporated on platinum foil, to ascertain whether it 



196 



ANALYSIS 



contain auy other fixed base ; (ind if it is found to leavi 
NO RESfDOE tiie examination need not be proceedejj 
with ; but if a residue :b left, a small poi'tion of thi 
Holution is neutralized with ammonia in a test-tube, at^ 
treated with hydrosulphatb of ammonia. If this giveil 
HO PRECIPITATE, the Bolution does not contain any of ti 
metals in the third class, and the student may pass c 
to (596); but if A precipitate appears, the whole i 
the liq^uid is similarly treated, first with ammonia ani 
theu with the nTDBOeuLPBATE ; a little mckiatb of am 
HONiA being also added, unless the solution eontainaj 
a decided excess of hydrochloric acid, in which casd 
the muriate would be formed on neutralizing the adfl 
with ammonia.' " 

When the hydroBulphate has been added as long 4 
it causes any precipitate, the liquid is filtered, and tlil 
precipitate well washed, until a di-op of the wa8hinga_ 
when evaporated on platinum foil and ignited, leav^ 
no fixed residue,^ the clear solution being retained fai 1 
further examination (696). " 1 

594, Tlie precipitate is dissolved in NiTRoeTDROCHLai" J 
Hic ACID, heat being applied if necessary; and if anwf 
sulphur remains undissolved, the mixture is filtere^g 
The solution thus obtained may contain Peroxide i 
Iron, Alumina, and the oxides of Chromium, Manganet 
Zine, Nickel, and Cobalt. 

(a) Ammonia is now added in excess, which preeipi- ' 
tates the peroxide of iron, alumina, and oxide of chro- 
mium, while the four remaining oxides, if present, are 
redisBolved. If no precipitate remains, pass on to 
(595). 

(6) If a precipitate is formed by tub ammonia, 
mixture is filtered ; and the precipitate, after beinH 
washed, is redissolved in HYDROcnLORio acid. T 

(c) Potash is added in excess to the hydrochloric I 
acid solution: if this causes a precipitatb which n| I 
IRSOLDBLB IN EXCESS, Peroxide of Iron is probably pro*J 
sent (281). (Confirm 282.) * 

(d) The potash solution, filtered if necessary, froil 
the precipitate (c), may contain alumina and oxide i' 

' See nole to 517. - See note to 58G. 



OF MIXED SOLUBLE BALTB. 191 

chromium. If oxide of chromium is present, the solu- 
tion will probably have a green color, and on boiliug 
the potash solution, the hydrated oxide of Chromium 
gradually separates as a dark green precipitate, leaving 
the solution colorless (249). ^Confirm 251, 252.) 
{e) If Alumina is present, it will be precipitated 

FROM THE POTASH SOLUTION OU the addition of MURIATE 

OF AMMONIA (242), especially if the excess of alkali be 
first nearly neutralized with hydrochloric acid. (Con- 
firm 240, 2450 

695. The ammoniacal solution (594 a) is now to be 
examined. A drop or two are first evaporated on pla- 
tinum foil, when if no fixed residue remains, proving 
the absence of fixed bases, the examination need not 
be proceeded with ; but if any residue is left, the 
ammoniacal solution is treated with hydrosulphate of 
ammonia as long as it produces any precipitate. This 
precipitate is redissolved in nitrohydrochloric acid, and 
the solution supersaturated with potash. If a preci- 
pitate IS formed, the mixture is filtered, and the pre- 
cipitate washed. 

(a) The filtered solution may contain oxide of Zinc. 
K this is the case, the addition of hydrosulphuric acid 
to the potash solution throws down the white sulphide 
(256). (Confirm 260, 261.) 

(6) The precipitate (if any) thrown down by potash, 
which may contain the oxides of manganese, cobalt, and 
nickel, is warmed with a solution containing ammonia 
and carbonate of ammonia : if any of the precipitate 
remains undissolved, oxide of Manganese is probably 
present. (Confirni 267, 268.) 

(c) If any fixed residue is left when a drop of the 
ammoniacal liquid formed in (6) is evaporated on pla- 
tinum foil, it may contain the oxides of cobalt and 
nickel. In this case, evaporate the solution to dryness, 
and test a little of tiie residue with borax before the 
blowpipe, for Cobalt (299). (Confirm 295, 296.) 

(d) Add a little hydrochloric acid to the other portion 
of the residue formed in (<;), and expel the gi'eater part 
of it by evaporation, leaving only a slight excess of 
acid. Dissolve it in water, and add a solution of 
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CYANIDE OP POTASSIUM utitU any precipitate that maybe 
formed is entirely rediasolved ; if the addition of dilute 
sulphuric acid to the solution gradually causes a pre- 
cipitate, Nickel ia probably prcseut (291). {Conft 
287, 288.) 

Carbonate of Ammonia Test. 

596. The solution filtered from the precipitate thrown 
down by bydi-osulphate of ammonia, or which failed 
to produce a precipitate with that reagent, is now to 
he tested. A few drops are first evaporated on plati- 
num foil, and if no fixed residue remains, it-need not 
be examined for any other fixed basis, and ammonia 
only will have to he looked for in addition to the bases 
ah'eady discovered (see 602 for the method of testing 
for ammonia). 

If, on the contrary, a residde is left, the solution is 
boiled for some time to expel the hydrosulphuric acid, 
a little hydrochloric acid having previously been added 
if hydi'O sulphate of ammonia had been used. 
NH^S, JIS+ HCl^NBtCl+21i.3, 

If any sulphur is precipitated in this process, it must 
be separated by filtration. 

The solution is now mixed with a little muriate of 
ammonia, unless already formed by neutralizing an 
excess of ammonia or the hydrosulphate with hj-dro- 
chloric acid; carbonate op ammonia, mixed with a 
little ammonia (712), is added as long as it causes any 
precipitate, and the solution ia boiled. If No precipi- 
tate is thrown down, the student may pass on to {598J, 
neither lime, baryta, nor strontia being present ; but if 
A precipitate falls, it is owing to the presence of one 
or more of those bases. In this case the mixture ia 
filtered, and the precipitate (which may contain the 
carbonates of the alkaline earths just mentioned) is 
well washed, the filtered solution being retained for 
subsequent examination (598), 

597. The precipitate is dissolved in a small quantily 
of HTDRocHLORic ACID; the solution thus formed is 
neutraUzed with aumonia, and divided into three por- 
tions. , ,,,,^ , ,., , ,,, 
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(a) Add to the first, sulphate of soda as long as it 
causes any precipitate, and filter. If oxalate of am- 
monia rives with the filtered solution a white precipi- 
tate, £ime is present (216). (Confinn 219.) 

(J) To the second portion add a solution of sulphate 
of lime ; if this causes an immediate white precipi- 
tate, Baryta is probably present (225). (Confirm 228.) 

(e) The third portion is evaporated to aryness, and a 
little of the residue heated before the blowpipe ; if the 
flame is tinged with a carmine color, Strontia is pro- 
bably present (236). (Confirm 232, 233.) 

698. The liquid filtered from the precipitate caused 
by the carbonate of ammonia, or which failed to give 
a precipitate with that reagent (596), is now to be 
examined. K it leaves any residue when evaporated 
on platinum foil, it may contain Magnesia, Potash^ and 
Soda. 

When lime, baryta, or strontia have been detected in 
the mixture, it is always advisable to test a little of the 
solution filtered from the carbonates, with oxalate op 
ammonia and sulphate of soda, in order to see whether 
the whole of the three earths had been separated by the 
carbonate of ammonia : if either of the tests shows 
traces of them, the solution is to be again boiled with 
a fresh addition of ammonia and carbonate of ammonia, 
until the whole of them is removed. 

599. A little of the ammoniacal solution, moderately 
concentrated, is now tested with phosphate of soda ; if 
this causes a white crystalline precipitate. Magnesia 
is present (206). (Confirm 208, 209.) 

600. If MAGNESIA IS NOT PRESENT, the ammouiacal 
solution is evaporated to dryness, and the residue ig- 
nited to expel the ammoniacal salts ; the residue is then 
dissolved in as small a quantity as possible of water, 
and the solution divided into three portions, to be tested 
according to the directions given in (601). 

When MAGNESIA IS PRESENT, it is necessary to sepa- 
rate it from the solution by some reagent which does 
not contain soda, since that alkali has still to be sought 
for in the solution. In such a case, the following is 
the best method. The remaining portion of the am- 
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moniacai solution is evaporated to dryness, and th» 
residue ignited in a small platinum crucible, to exp.^ 
tlie ammoiiiacal salts. The fixed matter is dissolved i^fl 
a littJe water, treated with a saturated bolutioh c#fl 
CAUSTIC BABTTA, and allowed to stand some little tim^l 
to cause the whole of the magueeia to precipitate (SOS) 
The mixture is then filtered ; dilute sulphokio ACIj 
is added iu very slight excess to the clear solution, 
throw down the whole of the baiyta ; and the liqui4[ 
afler boiling, is filtered. The filtered solution is evapq; 
rated to dryness, to expel the excess of sulphuric a 
and the residue is gently ignited ; this is redissolvec 
in the smallest possible quantity of water, and titl 
solution divided into three portions. If no residue j 
LEFT after the ignition, neither of the fixed alkalies ii 
present. 

601. (a) The first portion is tested with bichloriw 
OP PLATINUM, forl'otask {185). 

(ft) The second portion is acidified with tartaric acidJ 
also for Potash (186). 

(c) The third portion is tested with antimoniatb « 
roTASH, for Soda (189). (Confirm 188, 190.) 

602. As the substance under examination has to be i^ 
nitedduringthe analysis, it is of course impossible thi^ 
ammonia can be detected with the other alkalies iu th#1 
process now described. A portion of the origim " 
solution is therefore to be mixed with an exi 
caustic POTASH and warmed ; if Ammonia is present, ^ 1 
may be detected by the smell, or by holding a k>4- I 
moistened with hydrochloric acid near the mouth ost | 
the test-tube (195). 

SECTION II. 
Examl nation for the Atiiih. 

603. The original solution of the substance is fii^-l 
examined with litmus and turmeric paper; if it has s^ I 
acid reaction, a little of it is tested in the manner de* \ 
scribed in (635 J), and if it is found to owe its aoj^^l 
reaction to the presence of free acid, the solution mmi^n 
be carefully neutralized with dilute potash; but if l^fl 
is only a metallic salt which caused it, the solution may 
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be considered neutral. If, on the other hand, the 
liquid has an alkaline reaction, which maybe be owing 
to the presence either of a free alkali or of alkaline 
carbonates or hydrosulphates, it must be rendered per- 
fectly neutral by hydrochloric acid, and boiled to 
expel carbonic or hydrosulphuric acids, if either are 
present. 

604. Ta a small portion of the original solution add 
HTDBOOHLORio ACID in exccss : if this causes efferyes- 
OHHCB, carbonic . and hydrosulphuric acids may be pre- 
sent. If KO effervescekoe takes place, pass on to (605). 

(a) If the GAS IS inodorous, or when, passed into 
lime-water causes a white precipitate, Carbonic acid is 
present (419, 420). 

(b) If the gas has a disagreeable smell, and when 
passed into a solution of acetate of lead, causes a black 
or brown precipitate, Hydroiulphuric Acid (Sulphur) is 
probably present (438). (Confirm 439, 444.) 

Nitrate of Baryta Test. 

605. Add to the original solution of the substance, 
neutralized if necessary (603), nitrate op baryta as 
lonff as it causes any precipitate. If no precipitate 
is formed, pass on to (607). The mixture is filtered, 
and the precipitate washed, the clear solution bein^ 
reserved for further examination (607). The precipi- 
tate may contain Sulphuric^ Arsenic^ Arsenious,^ Phos- 
pharicy Boracic, and Silicic AcidSj in combination with 
Daryta. 

(a) The precipitate is heated with strong hydrochloric 
acid, and the mixture evaporated to dryness. The 
residue is again warmed with hydrochloric acid, and 
the liquid, after boiling, is diluted with a little water, and 
filtered if anything remains undissolved, in which case 
sulphuric and silicic acids may be present. 

(i) Add an excess of hydrochloric or nitric acid to 
a small portion of the original solution, and then a few 
drops 01 NITRATE OF BARYTA : if thiscauscs a WHITE pre- 
cipitate, insoluble when the mixture is heated. Sul- 
phuric Acid is present (403). (Confirm 405, 406.) 

' If arsenious or arsenic acids are present, they will have been already 
detected in the course of the examination for bases (587). 
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(c) To another email portion of the original solutioiil 
add HYDROciiLORiG ACID, and evaporate the solution tol 
dryness ; if any of the dry residue is issolublb in hy- r 
DROCHLORic ACID, SiUcio Aeidis probably present (425V J 
(Confirm 427.) J 

G06. The hydrochloric acid solution (605 a) may coih] 
tain phosphoric and boracie (as well as arsenioua an^ 
arsenic) acids, the compounds of those acids with baryta 
being soluble in hydrochloric acid. .. 

(a) Test a little of the original neutral solution wit^B 

MURIATE OF AMMONIA and SULPHATB OF MAONESIA ;' ' " 

CRYSTALLINE PRECIPITATE is formed, either immediatelyl 
or after standing a short time. Phosphoric Acid ia prof 1 
bably present (409). (Confirm 410, 412.) '. 1 

(6) Add a little sulpuuric acid to a small portion of J 
the original solution, or of the substance in the soli^ J 
state, and evaporate the mixture to dryness. Treat th^ 
residue with alcohol, and after allowing it to digest a 
short time, set fire to it in a dark place: if the plame 0* 
THE alcohol is COLORED qreen, Boracic J.ei'd is ppobablj 
present (418). (Confirm 416, 417.) 

Nitrate of Silver Teit. 

607. The solution filtered from the precipitate causei 
by nitrate of baryta, or in which that reagent failed t( 
produce a precipitate (605), is now examined. It man 
contain Hydrochloric,^ Hydriodic, Nitric, and Chlonot^ 
Acids: and in addition to these, in case the original I 
solution was dilute, or contained ammoniacal salta^B 
traces of boracic, ai-seiiious, and arsenic acids. The f 
solution is treated with nitrate of eilver ; if any pr&j -I 
ciPiTATB IS PitODUCED, the mixture is filtered, and the f 
clear solution reserved for subsequent examination I 
(608). I 

(«) Add an excess of amuonia to the precipitate; i£ 1 

' irthc substance has been found to contain acT base tha' 
pcccipilHtc with sulphuric ncid (see Table of SoUibilitiea in the Ap. i 
pendix), cliloridc of magnesium must be used instead of the sulphate. - ■ 

' If hydrochloric ftcid has been uaed to neutralize the solution (603 V'' 
it wilt of course be precipitated here, so that it will be neceasar}' to t 
& little of the original solution, neutralized with nt^ic oci'd, to ascerti 
whether anj hydrochloric acid or chlorine is present in it. 
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IT DOES KOT WHOLLY DISSOLVE, Hvdriodic Add {Iodine)^ 
is probably present (483). (Confirm 485, 486.) 

(5) The ammoniacal solution formed in (a) is super- 
saturated with NITRIC ACID : if a white curdy precipi- 
tate is thrown down, Hydrochloric Acid {Chlorine) is 
probably present (429). (Confirm 480, 481.) 

(c) The acid solution formed in (5) maj contain 
traces of arsenious, arsenic, and boracic acids. The 
first two will, if present, have been already found in the 
examination for the bases ; the latter may be detected 
in the manner described in (606 6). 

608. The solution filtered from the precipitate thrown 
down by nitrate of silver, or in which that reagent failed 
to produce a precipitate (607), may contain mtric and 
Chloric Adda; but as nitnc acid has been added to it in 
the nitrates of baryta and silver, some of the original 
solution must be used in this part of the examination. 

(a) To a small portion of the original solution, add 
sulphuric acid and copper filings ; if oranqe fumes 
are disengaged. Nitric Acid is probably present (448). 
(Confirm 449, 450.) 

(6) Moisten a portion of the original substance in the 
dry state, with strong sulphuric acid : if a greenish 
GAS is evolved. Chloric Add is probably present (457). 
(Confirm 454, 455, 456.) 



CHAPTER Vn. 

Qualitative analysis of a mixture of two or more 

SALTS, which may CONTAIN ALL THE BASES AND INOR- 
GANIC ACIDS IN THE LIST (179), AND WHICH IS INSOLU- 
BLE, OB NEARLY so, IN WATER, BUT READILY SOLUBLE IN 
HYDROCHLORIC, NITRIC, OR NITROHYDROCHLORIC ACID 
(680). 

SECTION I. 

Examination for the Bases, 

609. When it has been found necessary to use a large 
excess of acid to dissolve the substance, it is advisable, 
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before beginning the analysis, to expel the greater pai 
of it by evaporation (561). < 

610. When the BubBtance baa been dissolved in hj* 
drochloric acid or nitrobydrochloric acid, it is unnecei 
Bary to examine it for silver or protoxide of merciuyjii^ 
because the correaponding chlorides of those raetals aro' 
insoluble in hydrochloric acid. When the -solution haa 
been made in nitric acid, a little iiydrochlobic acid is 
first added to the solution : if this causes no precipitate, 
pass on to (611); but if A white precipitate la PB.m 
DDCBD, Silver, Protoxide of Mercury, and Lead, may 1; 
present. In this ease add hydrochloric acid as Ion) 

as it causes any further precipitate, filter, and examia 
the precipitate with ammonia, as already described (58^ 
the solution being retniued for further examinatioi 
(611). ... . . . '' i« 

611. Wlicn nitric acid has heeu used in dissolving 
the substance, either alone or in conjunction with hy- 
drochloric acid, it is advisable to expel it before pro- 
ceeding to test the solution with hydrosulphuric acid; 
because when nitric acid is present in a solution, tha » 
hydrosulphuric acid is oxidized by it, and is thus pre* I 
vented from acting in the usual manner on themetallia J 
oxides present. The solution containing nitric acijn 
should therefore be mixed with an excess of hydnM 
chloric acid, filtered if necessary, and evaporated nearlj 
to dryness. The concentrated solution is then dilute? 
with water, and if any milkiness la produced on dilw 
tion, owing to the presence of antimony, bismuth, 
tin, it may be disregarded, as it will not interfere wi<^l 
the action of the hydroanlphuric acid. 

Bydrosulphuric Acid Test. 

612. HyDRoauLPHUBio acid gas is now passed through i 
the dilute acid solution, until it is saturated; if thii [ 
causes no precipitate, even when the mixture is boiledii I 
pass on to (614) ; but if a precipitate is produobd, it is I 
owing to the presence of one or more metals of the \ 
fourth class. The precipitate is to be separated by fil- 
tration, and washed as long as a drop of the waahings 
leaves any fixed residue when evaporated on platinunt 
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foil ; the clear liquid being retained for sabsequent ex- 
amination (614). 

618. The precipitate, which may contain the sal- 
phides of all the metals in the foarth class, after being 
well washed, is digested with hydrosulpuatb of am- 
monia ; and the portions, both soluble and insoluble in 
the hydrosulphate, are examined in the manner de- 
scribed in (688 to 592). 

As, however, in this case, arsenic may coexist with 
any of the other bases of the fourth class (such com- 
pounds being for the most part soluble in acids), it is 
necessary to examine the precipitate thrown down by 
acetic acid from the solution of the sulphides in hydro- 
sulphate of ammonia, for arsenic, as well as for anti- 
mony and tin. This may be easily done by applying 
the reduction test (308). 

JEfydrosuIphate of Ammonia Test. 

614. The solution filtered from the precipitate thrown 
down by hydrosulphuric acid, or which failed to produce 
a precipitate with it (612), is now treated with ammonia 
and HYDROSULPHATE OF AMMONIA, and examined accord- 
ing to the directions given in (593 to 695). As, how- 
ever, a mixture such as we are now considering, which 
18 insoluble in water, may contain the JSartny Phos- 
phateSy those compounds, if present, will be thrown down 
by the ammonia and hydrosulphate (564); and it is 
necessary to examine the precipitate for lime, magnesia, 
baiyta, and strontia, in addition to the metals belonging 
to Class m. These earthy phosphates, if present, wiU 
be thrown down by potash, togeflier with any iron that 
may be present (694, c): that precipitate may conse- 

Juently contain peroxide of iron, together with the 
^ho9phate ofLimej Magnesiaj Baryta^ and Strontia. 
(a) The precipitate (694, c) is dissolved in hydrochloric 
acid, and to a small portion of the solution thus formed, 
FEBROOYANiDB OF POTASSIUM is added ; if this causes a 
BLUB PEECIPITATB, Peroxide of Iron is present (282). 

(6) To the rest of the solution, perchloridb of iron 
is added, and afterwards an excess of ammonia ; this 
throws down the whole of the iron as hydrated peroxide, 
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which carries with it in combination any phoaphoii^ 
acid that may be present ; while the eolution containM 
in the form of chlorides, the Alkaline Earths whid 
were previously combined with Phogphorie Acid (569) 
(e) The liquid thua obtained is tested, after iiltratioii 
for fixed basea, by evaporating a drop on platinum foilf. 
and if a residue is left, the solution is examined foul 
Lime, Baryta, Strontia, and Magtiesia, carbonate ani 1 
MoitiATB of AMMONIA being added, and the precipitate J 
and solution treated in the manner described in (SST 
to 599). 

CarhonaU of Avimonia Test. 

615. The solution filtered from the precipitate causeS 
by hydrosulphate of ammonia, or in which that reage J 
failed to produce any precipitate, is now examined fiijL 
the Alkaline Earths and Alkalies, in the manner already 
described in the case of substances which are aolubla- \ 
in water (596 to 602). 

SECTION II. 
Examinatioa fur the Acids. 

616. A little of the substance under examination irf i 
mixed with strong hydrochloric acid : if efekrvesceno*'! 
TAKES PLACE, carhouic and hydrosulphuric acida may b 
present. 

(a) If the gas which ia evolved causes a white preoI 
pirATE when passed into limb-water. Carbonic Acid v$\ 
present (419, 420). ■*■ 

(6) If the gas causes a black or brown precipitat^I 
when passed into a solution of acetate of lead, Hydr^\ 
aulpkurie Acid (Sulpkur in a Salpkide) is present (438);^ f 
(Confirm 444.) • I 

617. The solution of the substance in hydrochloriifl 
acid ia now examined for sulphuric, phosphoric, andll 
silicic acida. 

(a) A portion of the hydrochloric acid solution W\ 
tested with CHLORtDE of bakidu ; if this causes a whit»* | 
PRBCiPiTATB, which is insoluble when warmed with an 
excess of hydrochloric acid, Sulphtirio Aoid is preseuS-J 
(403). (Confinn 405, 406.) ■ ■ -* 
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(i) A little of the hydrochloric acid solution is evapo- 
rated to dryness, and the residue treated with hydro- 
chloric ACID ; if a WHITE insoluble powder is left, 
which, when washed, and heated before the blowpipe 
with carbonate of soda, fuses into a transparent color- 
less bead, Silicic Acid is present (425, 427). 

(<?) Phosphoric acid may be detected in the following 
manner. To a portion of the hydrochloric solution, 
PSBCHLOBiDE OF IRON is added, and then ammonia in 
slight excess; the precipitate thus produced is well 
washed on a filter, digested, with the aid of a gentle 
heat, in hydrosulphatb of ammonia, and filtered. If 
fhe solution thus obtained gradually throws down, 
when concentrated, a white crystalline precipitate 
with SULPHATE OF MAGNESIA, Pho9phoric Add is pro- 
bably present (409, 413). (Confirm 410, 412.) 

618. A portion of the substance is treated with strong 
NITRIC ACID, and, if necessary, warmed. 

(a) If ORANGE FUMES ARE EVOLVED, and a pale yellow 
deposit of sulphur is produced, a metallic Sulphide is 
present (489). (Confirm 444.) 

(ft) Add to the nitric acid solution a few drops of 

NITRATE OF SILVER ; if this CAUSES A PRECIPITATE, Wash it 

on a filter, and digest in ammonia . If a white curdy pre- 
cipitate is thrown down when the ammoniacal solution 
is neutralized with nitric acid, Hydrochloric Acid (a Me- 
tonic Chloride) is present (429). (Confirm 430, 481.) 

619. Test a little of the substance for Boracic Acid in 
the manner described in (606, ft). 

620. If the substance disengages violet-colored 
fumes, when warmed with strong sulphuric acid, 
Iodine (a Metallic Iodide) is present (436). 

^ 621. Place a fragment of the dry substance on ignited 
charcoal : if this occasions deflagration. Nitric Acid is 
probablypresent (447). (Confirm 448, 450^ 

622. Chloric Acid need not- be looked for in com- 
pounds which are insoluble in water, since all the chlo- 
rates are readily soluble. 
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CHAPTER Vni. 

QUALITATIVE AKALYSIS OF A MIXTURE OF TWO OK MOK 
SALTS, WHICH MAY CONTAIN ALL THE BASES AND INO»jl 
GANIC ACIDS IN THE LIST (179), ASD WHICH IS INSOLD^ 
BLE, OR NEARLY SO, IN WATER AND ACID3. 

623. The compounds moat likely to be found in 8ucH 

a mixture, are those enumerated iu (578). The beai J 
method of rendering auch a eubstance soluhle, ia 1 ' 
fuse it witli CARBONATE OP SODA (580), either in a pld 
tinum or porcelain crucible. If any metala of the fourt 
class are present, which may generally be ascertained 
by moistening a email fragment of the substance wiB 
HYDROBULPHATB OF AMMONIA (579), it is Safer t 
porcelain crucible.' When this is done, a little silid 
and alumina wilt generally he dissolved from the crtti^ 
cibie by the action of the soda, and will appear in th<F 1 
course of the analysis. 

624. The fused mass ia treated with water, filtere 
and the aqueous solution, which cuutaius chiefly tbi 
excess of the carbonate of soda used, and some of t' 
acids of the insoluble mixture must be examine* 
according to the directions given for the analysis of ^ 
mixture soluble in water (585, &c.). 

625. The portion of the fused matter which is ijp 
soluble in water will generally be found to d' 
when digested, for a few hours, with the aid of a gentlpr' 
heat, in dilute hydrochloric or nitric acid ; 
which the acid solution must be examined, according 
to the directions given for the analysis of a mlxturS 
which is insoluble in water, but soluble in acid^l 
(609, &c.). 

626. When the insoluble substance has to be eif^ 
amined for alkalies, as in the case of many stHceourf i 
minerals, it must be rendered soluble by fusion witk 
carbonate of baryta or lime. As, however, the analyaU ] 
of BUch substances is attended with difficulty, the de*l 
tails of the process need not here be considered.' 



* See Rose, " Analyae 
jD's " Elements of Chemical Analjsis/' p. 403. 
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QUANTITATIVE ANALYSIS. 



Introductory JRemarkt. 

627. In * the processes which I have now described, 
the object of the experimenter has been to ascertain 
what substances are present in a given salt or mixture 
of salts, which branch of analysis is called qualitative. 
I will now detail a few processes which have for their 
object the determination of the quantity of the ingredi- 
ents of saline compounds : this branch of analysis is 
called quantitcUive. It is not my intention to enumerate 
the methods which have been devised for the separation 
and estimation of all, even of the more common com- 
pounds, but merely to give the student a general idea 
of the subject, by conducting him through a few simple 
examples of quantitative analysis, referring him, if he 
wishea for more extended information, to the larger 
works of Bose, Fresenius, and PamelL* 

628. I will first briefly describe some of the more im- 
portant operations which have to be performed in the 
course of a quantitative analysis ; and the student must 
bear in mind that the more care he bestows upon them, 
the more correct will be his results ; as the loss of a 
single drop of liquid, or the presence of a very small 
quantity of soluble matter left in a precipitate, owing 
to carelessness in washing, will often occasion serious 
errors. 

' " Traite Pratique d*Anahrse Chimique, par H. Rose," of which an 
Enslish translation l)y Dr. Nonnandy has recently appeared. 

"Chemical Analysis, Qualitative and Quantitative,*' by C. R. Fre- 
senius, translated by Bullock. 

" Elements of Chemical Analysis," by E. A. Parnell. 
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CHAPTER I. 

OPERATIONS IN ASALYSIS. 
Pulverization. 



1 



629. Most substances may be reduced to sufficiently 
fine powder for analysis, by pounding in a common 
Wedgwood mortar ; in some eases, however, it is firat 
necessary to break the substance into small fragments 
in one of iron or gun metal ; or in default of this, thi 
substance may be loaely wrapped in strong brown papei 
and struck with a hammer. When the substance i 
difficult of solution, as in the ease of some siliceo^M 
minerals, it is sometimes necessary to reduce it to a 
impalpable powder, in a small agate mortar ; and o^ 
the fineness of this pulverization the success of i 
analysis often depends. 

especially when in the statftJ 
of powder, absorb moisturft:! 
from the atmosphere, whicl%9 
of course, adds to thetri 
weight. Before weighing J 
out accurately the quantity 1 
of the substance for analysis 1 
it is therefore necessary tsl 
deprive it of this hygroma 
scopic moisture. This ia 1 
generally done by heating I 
it in a small basin on the j 
water-bath or sand-batb^ 1 
care being taken that the j 
heat does not rise so high I 
as to cause decompositiom \ 
The hot water box shown 
in figure 78, is very con- 
venient for drying sub- 
stances at a low tempera- 
ture : all the sides arc made hollow, and filled with 
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water, so tliat the temperature inside never rises higher 
than 212°. When a substance thus exposed ceases to 
lose weight, on being weighed at short intervals, it may 
be considered sufficiently dry. By using saline solu- 
tions, which boil at a higher temperature than water, 
a steady heat, considerably higher, may be obtained 
(647). 

Weighing, 

631. Either 20, 25, or 83-3 grains, will generally be 
found the most convenient quantity to take for quanti- 
tative experiments, regard being had to the- number of 
constituents to be estimated, and the quantity of the 
substance at our disposal. The quantity may depend 
also on the method we intend to pursue, whether we 
propose to estimate all the ingredients from the same 
portion, or from two or more separate portions of the 
substance. If 20 ^ains are used, the results, multi- 
plied by five, will give the percentage ; or if 25 or 33*3, 
they must be multiplied by four or three. For most 
purposes, the student will find a balance that is .capable 
of weighing within one-tenth of a grain, sufficiently 
accurate ; and it should be furnished with weights from 
one-tenth of a grain to 1000 grains. 

A substance should never be weighed while warm, 
as it causes an upward current of air in its vicinity, 
which tends to buoy it up, and makes it appear to weigh 
lighter than it really is. In quantitative analysis, it is, 
oi course, necessary to avoid the slightest loss in the 
weighed portion, as a deficiency in the weight of the 
ingredients would be the consequence, and the accuracy 
of the analysis seriously interfered with. Most sub- 
stances in the state of fine powder, especially after 
having been recently ignited, are very prone to absorb 
moisture from the air ; to obviate this, which would add 
materially to their weight, such substances should be 
weighed in a covered crucible, as soon as possible after 
cooling. 

When, as is frequently the case, especially with liquids, 
a substance has to be weighed in a flask, dish, or other 
vessel, the latter may either be counterpoised with 
strips of lead or shot, which are conveniently placed in 

IS 
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a pill-box ; or its weight may be previonsly noted, i 
afterwards deducted from the gross weight. 
SoJiilion. 

632. Before the ingredients of a Buhstanee can 1 
determined, either qualitatively, or quantitatively, it ii 
necessary to bring the eubstance into solution. Fqi 
this purpose, water is to be preferred when the buIs 
stance disaolves readily in it ; and in the case of tho4 
eompounda which are insoluble in water, one of i ^_ 
aoida (generally hydrochloric) is employed, which has 
been found, in the course of the preliminary examina- 
tion, to be the best adapted for the purpose. (529-5S2.) 
The solution of a substance is almost invariably 
assisted by heat, so that it is always advisable to use i 
vessel for the pui^oBi 
which can bo heated ovq 
a lamp without danger c 
fracture, as a small Berliij 
porcelain dish or g 
flask. (Figs. 79 & ■ . 
The latter has the advaiS 
tage of preventing 1 
ebullition or spurting, 
any particles of liquid th ^ 
may bo projected from thS 
surface during ebullitdoiii 
fall against the inner buw 
face, and run hack into the flask, especially if it i 





placed in an inclined position over the lamp. Occa- 
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Bional stirring facilitates the solution, and, as a general 
rule, the more finely the substance has been pounded, 
the more readily it dissolves. When a substance has 
to be digested in acid for a length of time, with the aid 
of heat, the evaporation of the acid may be in a great 
measure prevented, by placing a small glass funnel in 
the mouth of the flast (Fig. 81) ; the acid condenses, 
and runs back into the flask. 

Precipitation. 

633. When a substance is obtained in solution, the 
various compounds present are in most cases separated 
for the purpose of estimation, by adding to it some solu- 
tion, which causes one or more of the ingredients to 
precipitate in the solid state ; as, when we wish to esti- 
mate the quantity of sulphuric acid in any solution, we 
add to it a solution of chloride of barium, which, if 
added in sufficient quantity, causes the whole of the 
acid to precipitate in the form of sulphate of baryta 
(403), which, being insoluble in water, may be washed 
without loss, and when dry is weighed ; the weight of 
the sulphuric acid which it contains, may then be cal- 
culated from it (652). 

Precipitation is usually effected in upright glasses of 
the forms shown in Fig. 82. When precipitating a 
substance in quantitative analysis, it is important that 
sufficient of the precipitant is added to throw down the 
whole of the substance affected by it, as otherwise a 
deficiency in weight would 
be occasioned: this is easily _ ^«- ®^- 

ascertained by adding a 
drop of the precipitant to 
the solution filtered from 

the precipitate, which will ^^ 

cause a mrther precipitate precipitating Glasses. 

if sufficient had not before 
been added. When the precipitate is at all soluble, as 
the bitartrate of potash, or ammonio-phosphate of mag- 
nesia, it is always advisable to allow the mixture to 
stand several hours before filtering, in order to insure 
the separation of the whole of the required salt (184). 
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When the whole of the precipitate is thrown down, it 
is separated from the solution either by filtration or de- 
cantation (634, 643). 

Filtration, 

634. The process of filtration is that most commonly 
adopted for separating a precipitate from the solution 
in which it was formed. The paper best adapted for 
the purpose is a thin white blotting paper, which should 
be free from visible holes, and should leave, when burnt, 
only a minute trace of inorganic matter. Such a paper 
may be purchased at any of the respectable dealers in 
chemical apparatus. It is convenient to keep a stock of 
filters ready cut, of a circular form, and of sizes varying 
from three to ten inches diameter. These may be made 
by having circular pieces of tin plate of the different 
sizes, and scoring round them with a pencil upon the 
paper, when several sheets may be cut through at once 
with scissors. 

635. The filter, when required for use, is folded twice 
at right angles (Fig. 83) (66), opened out into a conical 
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form and placed in a glass funnel, the sloping sides of 
which should open at an angle of about 60°, when it 
will be found to match the form of the folded filter, and 
will support it uniformly throughout. When placed in 
the funnel, the paper is moistened with water, for the 
purpose of causing the fibres to expand, and thus dimin- 
ishing the size of the pores, without, at the same time, 
choking them with solid particles : if this is not done, 
and a solution mixed with a precipitate is poured into 
the dry filter, some of the finely divided particles of the 
precipitate are drawn into the pores by capillary attrac- 
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tion, and tend to prevent the passage of the clear solu- 
tion through them. The filter shomd never be allowed 
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to reach higher than the top of the funnel, as otherwise 
the weight of the liquid might cause the paper to give 
way ; and there would also 
be danger of some of the 
solution running down the 
outside of the funnel, after 
passing through the project- 
ing paper. When the filter 
is thus prepared, it may be 
supported either on the ring of a retort stand (Fig. 85) 
(for which the form shown at a is very convenient), or 
on a perforated block of wood placed on the glass in- 
tended to catch the filtered solution (169), the hole being 
made to fit the funnel, as shown in the section (Fig. 86). 
636. The solution to be filtered should be poured 
gently down a glass rod (Fig. 85), so as to fall on one of 
the slanting sides of the filter, and not into the apex, as 
that would endanger the bursting of the paper, and 
cause splashing. When the whole of the mixture has 
been poured on the filter, fresh water should not be 
added for the purpose of washing, until the whole of 
the solution has passed through ; then, by means of a 
washing-bottle (94), the precipitate left on the filter is 
well washed ; the current of water being applied first 
towards the upper part of the filter, and directed gra- 
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dually downwards {Fig. 87). Wten the filter has been 
thus nearly filled op with water, allow ihe whole to ran 




through before adding any more, and then repeat the 
washing, until a drop of the filtered liquid leaves no 
fix^d residue when evaporated and ignited on platinum 
foil. If the precipitate, while standing in tiie filter, 
cakes together into lumps, these must be broken up by 
directing upon them a strong current of water from the 
waahing-hottle, as otherwise the water would not pene- 
trate them, and some of the soluble matter would escape 
removal, 

Fi.r. SB. 637. It is sometimes neces- 

sary to keep the mixture hot 
during filtration, to prevent 
any of the soluble ingredients 
solidifying : this may be done 
very conveniently, by placing 
the funnel in a zinc or copper 
box of the fonn shown in Fig. 
88, which may be kept full of 
' hot water, and boiling, if neces- 
sary, over a lamp. 

638. The liquid is generally 
filtered into abeaker glass, and 
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occasionally into flasks or dishes: it is always advis- 
able to cause the stream to run gently down the side of 
the vessel, and not to fall drop by drop into the centre 
of the glass, as this would cause splashing and proba- 
bly some loss. It occasionally happens that some of 
the precipitate passes through with the filtered solution, 
as may be seen in the case of freshly precijjitated oxalate 
of lime or sulphate of baryta. "When this takes place, 
it is sometimes necessary to pass it through the filter 
twice or three times before it comes through quite clear. 
This may, however, in most cases, be obviated by boil- 
ing the mixture before filtering, which causes the finely 
divided particles of the precipitate to aggregate together. 
The presence of some saline matters in solution, also, 
sometimes prevents a precipitate passing through ; mu- 
riate of ammonia, for example, exerts this property with 
sulphate of baryta. 

639. When the precipitate on the filter is completely 
washed, the funnel, with its contents, is placed on a 
small tripod or retort stand, on the warm sand-bath, or 
near a fixe, when the precipitate will ^adually dry ; it 
may then be separated from the filter, ignited in a small 
platinum or porcelain crucible (648), (unless decompo- 
sable at a high temperature), and weighed. 

640. In cases where the quantity of the precipitate is 
very small, and where it will not bear a red heat with- 
out decomposition, it is often convenient to use two 
filters for the purpose : they should be folded up together 
into the proper form, and a hole of about an inch in 
diameter is then cut with scissors in the centre of the 
outer one; the inner one is then clipped round the 
edge, until it weighs exactly the same as the other, when 
they will, of course, accurately counterpoise each other. 
Th^ are then again placed one inside the other, the 
peritorated one being outside, after which the mixture 
may be filtered through them, washed, and dried. When 
dry, they are separated, and placed in the opposite scales 
of the balance, when the difference in weight will give 
the weight of the precipitate, that of the paper being 
the same in both. 

641. The precipitate may also be weighed in a single 
filter, which should be placed in a covered porcelain 
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crucible of known weight, dried at 212", aud weighed 
before tlie mixture is poured in. When the precipitate 
on the filter has been thoroughly waslied, the latter is 
placed in the crucible, dried aa before, and as soon as 
it is cold, again weigh- 
t's' ^*- ed ; when the increase 
_.r '• inweiglitwiU,ofcour8e, 
' be that of the precipi- 
tate. 

642. It is often neces- 
sary, before weighing a 
irecipitate, to bum the 
Lltercontaining it. Af- 
ter the greater part of 
the precipitate haa been 
removed, the filter is held with a pair of pliers, and set 
fire to, oyer the platinum crucible in which the precipi- 
tate is to be ignited, the crucible being placed in a basin, 
in ease any of the ashes should fall over its sides (Fig. 89) ; 




these are then collected and ignited in the crucible (648), 
together with the portion of the percipitate previously 
removed from the niter, until the whole of the charcoal 



derived from the paper is bqrnt away. In cases of great 
accuracy, the weight of the paper ashes, ascertained by 
weighing those derived from a similar filter, must he 
deducted from the gross weight ; when the paper is 
good, however, it does not coutain more than one to 
three thousandths of its weight of inorganic matter, so 
that this precaution is scarcely necessary in ordinary 
cases of analysis. 

DecaiiCaCioii. 
643. "When a precipitate is found to subside rapidly 
to the bottom of the liquid, and when it is known to be 
very insoluble in water, it may be washed by decanta- 
■Lios, instead of on a filter, and, in many cases, this is 
the more expeditious method. The mixture is placed 
in an upright jar or beaker, which is then filled up with 
water, anf allowed to stand until the precipitate haa 
subsided to the bottom, leaving the superincumbent 
liquid clear. The latter is then removed with a syphon 
(Fig. 90), or carefully poured ofi', and the jar again filled 
up with distilled water, the process being repeated 
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until all the Bolable matter has been removed. The wet 

Srecipltato ie then placed upon a filter, or dried in a 
ish, and weighed. 




Evaporatiim. 

643. The process of evaporation is ffenerally moat 
conveniently effected in Berlin porcelain evaporating 
basins, either on a sand-bath or over a lanp, a loose 
cover of filtering-paper being placed over it, if neces- 
sary, to prevent particles of dust falling into the liquid. 
Care must be taken, in quantitative experiments, that 
no loss is occasioned by spurting, and on this account, 
it is safer not to allow the liquid absolutely to boil. 
When a saline solution has to be evaporated to dryness, 
it often becomes covered, when concentrated, with a 
pellicle of solid matter, preventing the escape of the 
steam, which, being thus confined, occasionally causes 
some of the mixture to be projected violently from the 
basin. The best way of avoiding this is to stir the mix- 
ture constantly with a glass rod, from the time when 
the pellicle begins to &rm, until it is evaporated to 
dryness. 

644. It is often ^. *^e-"- 
advisable, and in ,^10"^-- 
the case of many ''" ' 
liqnids, as those 
containing organic 
matter, necessary, 
to evaporate over 
a water-bath; by 
thiameans the heat 
is never allowed to raise higher than 212°. For this 
pnrpose, a common saucepan, or almost any vessel used. 
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for boiling water iu, may be employed, placing the dish 
containing the solution over the top, as shown in Figure 
91, BO as to expose it to the action of the steam. For 
the laboratory, a convenient form of water-bath is sho' 
in Figure 92 ; it may be made of copper or zinc plal 
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and tlie holes should be fitted with lidsj to cover them 
when not wanted. 

616. A convenient method of diying certain sub- 
stances which are liable to decomposition at a slightly 
elevated temperature, is to 
place them under the receiver 
of the airpniiip {Figure 93), 
over an open pan of sti-oug 
sulphuric acid; thelatterab- 
Borbsthe moiHture which rises 
from the substance, and a 
gradual and complete desic- 
DeaccnLio oier -iuipiiunc Ac d catiou may be effected at or- 
dinary temperatures. The 
dishes 01 tubes containing the substance to be dried, 
may be placed on a sheet of perforated 
^^* zinc, resting on the pan of acid. If 

an air pump is not at hand, the same 
' efiect maybe produced, though more 
slowly, by placing the receiver in- 
closing the substance and acid, upon 
a flat piece of glass; or the temporary 
arrangement shown in Figure 94, may 
be adopted, a being a beaker contain- 
ing sulphuric acid, over which the 
substance to be dried is suspended in 
'' """^ the dish e. Owing to the slowness 
of the evaporation, this method is 
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well adapted for obtaining large and well-defined crys- 
tals £rom saline solutions, &;c. 

647. When a uniform temperature is required, higher 
than 212°, it may be obtained by immersing the dish 
or flask containing the substance to be evaporated, in a 
bath of oil or some saline solution, the boiling-point of 
which is near the desired temperature. Olive oil may 
be heated to nearly 500° without suffering much decom- 
position, and forms an extremely useful bath for many 
purposes, since, by regulating the lamp, and placing a 
thermometer in the oil, anv lower temperature can 
readily be kept up. The following list shows the boil- 
ing-points of a few saturated saline solutions, which will 
occasionally be found useful for this purpose : — 

A saturated solution (at 60°) of 

Bitartrate of Potash, . 

Sulphate of Copper, 

Chlorate of Potash, 

Carbonate of Soda, 

Alom, . . • 

Borax, 

Chloride of Sodium, . 

Chloride of Calcium, 

Tartrate of Potash, 

Muriate of Ammonia, 

Nitrate of Potash, 

Bochelle Salt (Tartrate of Potash and Soda), 

Nitrate of Soda, 

Acetate of Soda, .... 

By adding a further quantity of most of these salts 
to the hot solutions, and thus making them more con- 
centrated, considerably higher temperatures may be 
obtained. 

lynition. 

648. It is generally necessary, previous to weighing 
a precipitate, in quantitative analysis, to heat it to 
re<uiess, in order to insure perfect dryness. This is 
usually done in a weighed platinum or porcelain cru- 
cible, either in a furnace or over a lamp. When the 
crucible is to be heated in the furnace or open fire, it 
should be inclosed in one of earthenware, to protect it 
from contact with the coals and dirt, a little magnesia 
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being interposed between the two (note to 580). If 
the hd is made of the form shown in Figure 95, it may 



Fig. 95. 



Fig. 96. 





also be used as a capsule, independently of the cruci- 
ble (Fig. 96). 

649. When gas is available, scarcely any other source 
of heat is necessary for the purpose. A small platinum 
crucible may be heated to low redness over the naked 
flame, resting on a small wire triangle placed on the 
top of the chimney (Fig. 97). 

A mixture of gas and air, however, gives a much 
more intense heat, owing to the more penect oxidation 
of the combustible matter: such a mixture is easily 
obtained by placing a small piece of wire ^auze over 
the chimney, and applying a light to the mixture as it 
rises through the gauze (Fig. 98). The crucible may be 



Fig. 97. 




Fig. 98. 



Fig. 99. 
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Cracible Jacket. 



Crucible Jacket. 



supported on a wire triangle, or in a jacket of thin iron 
plate, a (Fig. 99). In this simple manner, a very power- 
ful Ump furnace is easily obtained, which may be varied 
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in size and form to suit the purposes for which it may 
be required. Thus, Mr. Hardwich and Mr. Beale have 
succeeded in making a furnace admirably adapted for 
heating tubes of a considerable length. An ingenious 
arrangement is made for gradually increasing the length 
of the flame aloDg the tube ; so that for such purposes 
as the ultimate analysis of organic substances, it may 
be substituted, with great advantage, for Liebig's char- 
coal furnace. 

660. Mr. Solly has also contrived a very convenient 
form of lamp, in which he mixes air with the gas by 
means of a pair of double bellows, forming a series of 
blowpipe jets, the combined action of which is very 
powerml, and is capable 
of keeping a large pla- Fig.ioo. 

tinum crucible almost _^^j^^ 

white hot for any length ^_^^ J|i 

of time. The gas pipe a /^^ W-£- ' I 
rFiff. 100) ioins the tube "^^T^ 



(Pig. 100) joins 

i, bringing air from the ^ fs. 

bellows placed under- Q'' J^ = 



neath, forming in c an 

inflammable mixture ; Solly's Gas Furnace. 

this burns as it issues 

from the apertures in the burners, the number of which 
may be multiplied to almost any extent. The crucible 
ma^ stand on a wire triangle p. ^^^ 

resting on the circle, and the ^^' 

whole may be surrounded by a 
jacket of thin iron plate to pre- 
vent loss of heat by radiation. 

651. When gas cannot be 
had, the best lamp for heating 
a small platinum crucible to 
redness, is that known as 
Bose's, the form of which is 

shown in Figure 101; either 

alcohol or pyroxylic spirit may Rose's spirit Lamp. 

be burnt in it. 

19 
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Calculation of Remits. 

652. When the weight of a precipitate has been 
ascertained, it is necessary to calculate that of the con- 
stituent whose weight we wish to learn, and this is 
readily done according to the well-known laws of com- 
bination in definite proportion.* 

For example, let us suppose that we have to deter- 
mine the percentage of sulphuric acid (SO3) in dry sul- 
phate of soda (NaOjSOg) : we dissolve twenty grams of 
the salt in water, precipitate the sulphuric acid by 
means of chloride of barium (403), and weigh the sul- 
phate of baryta thus obtained : from this we have to 
deduce the weight of the sulphuric acid which it con- 
tains ; and lastly, to calculate from this the percentage 
equivalent to it. We find the weight of the sulphate 
of baryta obtained to be 82'50. ^ESiowing the atomic 
weight of sulphate of barvta (BaO,S03) to be 117, and 
that of sulphuric acid (SO3) to be 40, it is easy to cal- 
culate how much of the acid is contained in 82'60 grains 
of the precipitate, thus : — 

Ate. wl. of sulph. of Ale. wt. of sulph. Wt. of sulph. of Wt. of sulph. acid 
baryta. ac id . baryta obtained. in 32*60 grs. of 

117 : 40 82-50 : x =» U-11 

Thus we find that twenty grains of the dry sulphate 
of soda contain 11*11 of sulphuric acid ; and we have 
now only to reduce it to a percentage, to complete the 
calculation, thus : — 

20 : U-ll : : ICO : a; =55*55 enlphuric acid in 100 parts of dry sulphate of soda. Or 
as 20 is the fiAh part of 100, the same result may be obtained by simply multiplying 
by 6. nil X 6 »MJS6. 



CHAPTER n. 

EXAMPLES OF QUANTITATIVE ANALYSIS. 

653. In the following examples it is assumed that 
the nature of the substances has been already ascer- 
tained by a qualitative examination ; since it is always 

• See Fownes* "Manual of Chemistry," p. 187, et seq. 
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necessaiy, before proceeding to estimate the consti- 
tuents of a compound, that we should know what those 
constituents are. 

SECTION I. 

Quantitative Analysis of Sulphate of Co]^ei\ 
(CuO,S03+6Aq.) 

Estimate the quantity of oxide of copper (CuO), sul- 
phuric acid (SO3), and water (HO), in sulphate of 
copper. 

(1.) Estimation of the Oxide of Copper. 

654. Dissolve twenty grains of the salt in eight or 
ten ounces of water, in an evaporating basin, and 
gently boil the solution. Add to it, while boiling, a 
solution of caustic potash in slight excess, which will 
throw down the black oxide of copper (370). 

The mixture is poured upon a filter (636), and care- 
folly washed with boiling water, until the whole of the 
soluble matter is removed. The precipitate in the filter 
is then dried, separated from the filter, ignited, and 
weighed. 

When the precipitate consists, as in this case, of the 
substance whose weight we wish to ascertain, uncom- 
bined with other matter, we have only to reduce the 
amount thus obtained, to a percentage : — 

20 : weight of the precipitate of oxide : : 100 : a; &= : percentage of oxide of cop- 
per. Or, m other words, multiply the weight by 5. 

(2.) Estimation of the Sulphuric Acid. 

655. The acid maybe estimated either from the same 
portion of the substance as was used in determining the 
oxide (in which case the solution filtered from the pre- 
cipitated oxide must be concentrated by evaporation 
(644) ), or a fresh portion of the salt may be used. The 
latter method is in this case the simplest. 

656. Dissolve twenty grains of the sulphate in water 
afi before, acidify it with a few drops of nitric acid, and 
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add a solution of chloride of barium (BaOl) as long as 
it causes any precipitate. Sulphate of baryta (BaO,SO,) 
is thus thrown down (403), and the whole of the sul- 
phuric acid is in this way removed from the solution. 
As the mixture in its present state would not filter well 
(638), it is advisable to boil it before filtering, when it 
will be found that the solution will pass through clear. 
The precipitate is well washed with hot water on the 
filter, dried, ignited in a platinum or porcelain crucible, 
and weighed. Then, knowing the atomic weight of 
sulphate of baryta to be 117, and that of sulphuric acid 
(SOg) to be 40, or, in other words, that every 117 parts 
of the former contain 40 of the latter, it is easy to cal- 
culate the quantity of sulphuric acid contained in the 
precipitate, thus : — 

^nw Afi. -i.r.v •'.« 5 The sulphuric acid in 20 grains of) 

n7 : 40 : : weight of the precipitate : « = J sulphate of copper: / 

which number, multiplied by five, will represent the 
percentage of sulphuric acid in crystallized sulphate of 
copper. 

(3.) Estimation of the Water, 

667. The water is estimated by heating 20 grains on 
the sand-bath in a counterpoised crucible, at a tempera- 
ture of about 400°, until it ceases to lose weight : in 
this way the water is expelled, and its quantity is shown 
by the loss of weight, which, when multiplied by five, 
will give the percentage of water.* 

SECTION 11. 
Quantitative Analysis of CJiloride of Potassium (KCl). 



Estimate the quantity of potassium and chlorine in the 

chloride. 



(1.) Estimation ofiJie Potassium. 

658. Dissolve twenty grains of the salt in as small a 

* When the quantitj of water has to be estimated in salts which can- 
not bear the necessary heat without the volatilization of a portion of 
their acid, the salt should be intimately mixed with five or six times 
its weight of protoxide of lead, or some other strong base, before expo- 
sure to heat : this combines with, and fixes, any of the acid that may 
be disengaged from the other base. 
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qnantify of water as possible, in an evaporatine basin ; 
add bicnloride of platinum to the solution, and evapo- 
rate the mixture to dryness on a water-bath (645). 
Treat the residue with alcohol, to dissolve out tlie excess 
of the bichloride, and wash the insoluble double chloride 
of platinum and potassium (186) with fresh alcohol, on 
a weighed filter (641). K it is found that the alcohol 
which is added to the evaporated residue, does not be- 
come sensiblv colored yellow, it is owing to there being 
no excess of chloride of platinum present ; that safi 
having been added in too small quantily. In this case, 
a little more chloride of platinum should be added, and 
the mixture again evaporated as before, and subsequent- 
ly treated wit£ alcohol. The precipitate is then dried 
on the filter, at a moderate heat, and weighed. 

659. The atomic weight of the double chloride (KCl, 
PtCy being 247, and that of potassium being 40, we 
deduce the quantity of potassium contained in the 
twenty grains of the chloride, thus: — 

247 • 40 • • 5 ^^ of double chloride of ) . J Wt. of potassium contained in ) 
****•*"•• I platinum and potaBsium / * ( 20 grains of the chloride. | 

and lastly, it is reduced to a percentage, thus : — 

«> ' ^*4S^iroV^'^eT{otd\' '^ ( •- •- lOO: percentage of potassium. 

or the same result may be obtained by multiplying by 
five. 

(2.) Estimation of the Chlorine, 

660. Twenty grains of the chloride are dissolved in 
three or four ounces of water, as before ; the solution 
is then heated, acidified with a few drops of nitric acid, 
and treated with a solution of nitrate of silver, as long 
as it causes any precipitate (429, 633). 

KCl+AgO,N06=^gC\+KO,NOs, 

The mixture is then boiled for a few minutes (as other- 
wise a portion 'of the precipitate would pass through 
the pores of the paper (638) ) and filtered. The precipi- 
tated chloride of silver is tnoroughly washed with dis- 
tilled water on the filter, and dried ; it is then removed 
from the paper, and gently ignited in a counterpoised 
porcelain crucible, until it fuses into a waxy mass, and 
weighed. 

19* 



661. The atomic weiglit of chloride of silver is 144,-1 
and that of clilorine 36, so that we deduce the weight I 
of the chlorine from that of the chloride, thus : — 






Then, for the percentage, multiply by five. 



SECTION in. 
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Quantitative Analysis of a mixture of Sulphate of Copper 
(CQ0,S0,+5Aq) and Chloride of Sodium (NaCI). 

Estimate the quantity of oxide of copper (CuO), sodiuiE 

sulphuric acid (SOJ, chlorine, and water m the 

mixture. 

(1.) Entimation of the '\\'ater. 

662. The water is estimated in the manner describe 
in paragraph (657). 

(2.) Estimation of (lie Oxide of Copper. 

663. Dissolve twenty-five grains of the mixture i 
water, acidify the solution with a few drops of hydro^ 
chloric acid, put it into a beaker, and pass through it a 
stream of hydroaulphuric acid, until it is saturated (701) ; 
the whole of the copper ia iu this way thrown down as 
sulphide (368). Filter, and wash the precipitate with 
distilled water, which should contain in solution a little 
hydroaulphuric acid, as otherwise a trace of copper is 
liable to become oxidized and dissolved. The clear 
solution, together with all but the last washings, is set 
aside for subsequent examination (664). The washed 
precipitate of sulphide of copper is now for the most 
part separated from the filter, which latter is to be 
burnt, and the ashes added to the rest of the precipi- 
tated sulphide. The precipitate, containing the whole 
of the copper, is then digested in strong nitric acid, 
until the whole of the precipitate is dissolved, or until 
nothing remains undissolved but a little sulphur, of a 
pale yellow color. The acid solution thus obtained ia 
diluted with water, and filtered, if uecessarj-, from the 
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undissolved sulphur. The whole of the copper is now 
contained in the solution as nitrate. The copper is 
next to be thrown down as oxide bj potash, dried and 
weighed, in the manner already described (654). The 
percentage is calculated as follows : — 

26 : wt of oxide obtmined : : 100 : percentage of oxide of copper in the mixture. 
Or, «■ 2ft is the fourth part of 100, the same result is arrived at by simply multiplying 
the weight of the oxide obtained, by 4. 

(2.) EttimatUm of the Sodium. 

664. The chloride of sodium contained in the solution 
filtered from the sulphide of copper, is concentrated by 
evaporation, and then converted into sulphate of soda 
(N'aO,S05), by evaporating to dryness with a slight 
excess of strong sulphuric acid. 

The residue is gently ignited in a counterpoised covered 
crucible, in which a fragment of carbonate of ammo- 
nia is suspended by means of a strip of platinum foil, 
and weighed; the weight of the sodium is thus calcu- 
lated : — 

At.wt.ofsu1ph.aoda. At. wt of sodium. Z'^^^^^tt ^^^"^mi^tu^e.^"* °' 



^^ / \j ^ f \ , f ^- 

72 : 24 : : a 



which when multiplied by four, gives the percentage 
of sodium. 

(3.) Estimation of the Sulphuric Acid, 

665. A second portion of twenty-five grains of the 
mixture is dissolved in water, for the purpose of esti- 
mating the sulphuric acid and chlorine. 

Add to it first, a solution of nitrate of baryta, as long 
as it causes any precipitate, and boil the mixture for a 
few minutes to prevent any of the finely divided sul- 
phate of barjTta passing through the filter (638). The 
precipitate is washed, dried, and weighed, the clear 
solution being reserved for estimating the chlorine (666) ; 
the quantity of sulphuric acid is then calculated in the 
manner already described (656), twenty-five being sub- 
stituted for twenty in the calculation. 
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(4.) Estimation of the Chlorine, 

666. The solution filtered from the sulphate of baryta 
(665), together with the first washings, is heated in an 
evaporating basin, over a lamp, and treated with nitrate 
of silver as long as it causes any precipitate (429). The 
chloride of silver thus formed is filtered, dried, and 
weighed ; and the weight of the chlorine deduced from 
it in the manner described in (660), twenty-five being 
substituted for twenty in the calculation. 

Thus the percentage of oxide of copper, sodium, sul- 
phuric acid, chlorine, and water, will have been ascer- 
tained. 

SECTION IV. 

Quantitative Analysis of a mixture of Sulphate of Zinc (ZnO, 
SOg+TAq) and Carbonate of Baryta (BaOjCOa). 

Estimate the quantity of water, sulphuric acid, oxide of 
zinc, carbonic acid, and baryta, in the mixture. 

667. Twenty grains of the mixture are to be boiled 
with three or four ounces of water, which will dissolve 
out the sulphate of zinc from the carbonate of baryta. 
The mixture is filtered, and the insoluble portion washed 
until the washings leave no residue when evaporated 
on platinum foil. The solution contains the whole of 
the sulphate of zinc, while the carbonate of baryta re- 
mains undissolved ; the latter is retained for subsequent 
examination (671). 

(1.) Estimatio^i of the Oxide of Zinc, 

668. The solution is treated with carbonate of potash 
as long as it causes any precipitate, and then boiled. 
The zinc is thus thrown down as a basic carbonate (267) ; 
the precipitate is washed on a filter, dried, and ignited, 
when the water and carbonic acid of the compound are 
expelled, and pure oxide of zinc (ZnO) remains, which 
is weighed ; the weight thus obtained, multiplied by 
five, gives the percentage of oxide of zinc. 
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(2.) Estimation of the Sulphuric Acid, 

669. The solution filtered from the precipitated car- 
bonate of zinc, is now supersaturated with nitric acid, 
and boiled to expel the carbonic acid; chloride of 
barium is added, and the mixture is boiled for a few 
minutes to clarify it (638) ; the sulphate of baryta thus 
obtained is washed, dried, ignited, and weighed as 
already described (656), and the weight of the sulphuric 
acid which it contains, calculated as before. 

(3.) Estimation of the Water, 

670. The watfer may be determined by heating the 
mixture on the sand-bath, as described in (G57). 

(4.) Estimation of the Baryta, 

671. The residue which was insoluble in water (667), 
is now removed from the filter into a small beaker, and 
dissolved in dilute hydrochloric acid, a gentle heat 
being applied, if necessary. In this way, the carbonate 
is decomposed, carbonic acid is given oft^ and chloride 
of barium remains in solution. 

The solution thus obtained is treated with dilute sul- 
phuric acid, as long as any precipitate is produced, and 
then boiled : the precipitate is separated by filtration, 
washed, dried, ignited, and weighed. 

The atomic weight of sulphate of baryta being 117, 
and that of baryta being 77, the quantity of the latter 
in the precipitate is calculated as follows : — 

I Wt. of baryta contained 
117 : 77 : : wt. of salphate of baryta obtained : { in 20 grains of tlie mix- 



( Wt. < 

: {in 20 
( tare. 



(5.) Examination of the Carbonic Acid, 

672. The carbonic acid is estimated hj decomposing 
the carbonate with hydrochloric acid m a flask, and 
determining the amount of loss, as described in para- 
graph (174). 
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SECTION V. 

Quantitative Analysis of Magnesian Limestone; consisting of 
Carbonate of Lime (CaO,COg), Carbonate of Magnesia (ilgO^ 
COg), Peroxide of Iron (FegOa), a little Silica (SiOg), and 
moisture, 

Determine the quantity of lime, magnesia, peroxide of 
iron, carbonic acid, silica, and moisture, inmagnesian 
limestone. Reduce about 100 grains of the mineral 
to moderately fine powder, 

(1.) Estimation of the Hygroscopic Moisture, 

678. Weigh fifty grains of the pounded mineral in a 
small counterpoised crucible or evaporating dish, and 
dry it on a water-bath, or on the hot part of the sand- 
bath : weigh it at intervals of a quarter or half an hour, 
until it ceases to lose weight (630). The loss vnll be 
the quantity of moisture in fiJfty grains, which, when 
multiplied by two, will giv« the percentage. 

(2.) Estimation of the Silica. 

674. Weigh twenty-five grains of the pounded mineral 
in a counterpoised flask, moisten it with a little water, 
and add dilute hydrochloric acid in small quantities, to 
avoid too violent effervescence (419). When the greater 
part is dissolved, warm it with a little fresh acid, which 
will dissolve everything but the small quantity of silica. 
The mixture is now filtered, and the precipitate 
thoroughly washed, the solution being retained for 
subsequent examination (675) ; the filter containing the 
precipitate is then ignited and weighed. The weight 
of the siliceous residue, multiplied by four (26x4=100), 
gives the percentage of silica in the stone. 

(3.) Estimation of the Peroxide of Iron. 

675. The acid solution filtered from the siliceous 
residue, is now neutralized with ammonia, and a few 
drops of hydrosulphate of ammonia are added, which 
will throw down the iron as the black sulphide (279). 
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This is to be filtered and carefully washed, the solution 
being retained for further examination (676) ; when the 
whole of the soluble matter is removed, the filter, with 
the moist precipitate, is digested in hydrochloric acid, 
until the black sulphide is entirely decomposed, and 
nothing but sulphur remains undissolved. The solu- 
tion is now diluted, and separated by filtration from 
the sulphur and £ra,gments of the first filter, which 
must be well washed to remove the whole of the soluble 
matter. The solution is well boiled to expel the hydro- 
sulphuric acid, and then heated with a little nitric acid, 
for the purpose of peroxidizinff the iron. Ammonia is 
now added in slight excess, which precipitates the whole 
of the iron as hydrated peroxide (280^. The precipitate 
is filtered, dried, ignited, and weigned. The weight, 
multiplied by four, gives the percentage of peroxide of 
iron in the mineral; 

(4.) Estimation of the Lime. 

676. The solution filtered from the sulphide of iron, 
is now to be boiled with a slight excess of hydrochloric 
acid, to decompose the excess of hydrosulphate of am- 
monia, and expel the hydrosulphuric acid : when the 
smell of that gas is no longer perceptible, filter the 
solution, if necessary, from any sulphur that may have 
been precipitated, and neutralize the clear solution 
with ammonia ; after which add oxalate of ammonia as 
long as it causes any precipitate f638). This throws 
down the lime as oxalate (218), while the magnesia re- 
mains in solution, not being precipitated by oxalate of 
ammonia in the presence of muriate of ammonia, which 
is contained in the solution. The mixture is boiled 
(688), and filtered, and the precipitate washed and 
driea ; the solution being retained for subsequent ex- 
amination (677). The oxalate of lime is now removed 
from the filter, and ignited, by which means it is de- 
composed, and converted into carbonate of lime : at a 
red heat, however, a portion of the newly formed car- 
bonate is decomposed, the carbonic acid being expelled, 
and thus leaving a little caustic lime (CaO) mixed with 
the carbonate. When cool, it is moistened with a 
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and silica) until the whole of the soluble matter is sepa- 
4'ated from it (636) ; reserve the insoluble residue for 
further examination (684). 

682. As the nitric acid present in the aqua regia, 
would interfere with the action of the hydrosulphuric 
acid made use of in a subsequent stage of the analysis, 
it should be expelled by evaporation with a slight excess 
of hydrochloric acid (562), 

(2.) Estimation of the Sulphur, 

683. A portion of the sulphur will have become oxi- 
dized by the action. of the nitric acid in the aqua regia; 
and the sulphuric acid thus formed, will b^ contained 
in the filtered liquid, in combination with the oxides of 
copper and iron. 

Add chloride of barium to the solution as long as it 
causes a precipitate (403) ; boil the mixture ; filter, wash, 
and ignite the precipitate. From the weight of the sul- 
phate of baryta thus obtained, that of the sulphur frotii 
which the sulphuric acid was derived, may be ascer- 
tained by the following calculation : — 

Ate. wt. of sulphate Ate. wt. of Wt. of sulphate of Wl. of unlphur 

of baryta. sulphur. bury ta obtained. dissolved. 



V v^ ■■ .^ V , ' V ■ y ■> *»: y 

117 : Id : : a : s 

684. The weight of the sulphur which resisted the 
action of the aqua regia (681), must now be estimated. 
The undissolved residue is to be thoroughly dried at 
212*^, and weighed : it is then gradually heated to redness 
in a counterpoised or weiffhed porcelain crucible, until 
the whole of the sulphur is burnt oft', when it must be 
again weighed, the loss during ignition being of course 
the sulphur. This weight must be added to that already 
deduced from the sulphate of baryta (683), which, to- 
gether, will give the quantity of sulphur contained in 
33*33 grains of the mineral, or one-third of the per- 
centage. 

(3.) Estimation of the Silica, 

685. The siliceous matter is left after the expulsion 
of the sulphur, by ignition, from the residue insoluble 
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in aqua regia/ The percentage is obtained by multi- 
plying by three, 

(4.) Estimation of the Copper, 

686. The solution filtered from the sulphate of baryta 
(683), containing a slight excess of chloride of barium, 
is now treated with a slight excess of sulphuric acid, to 
remove the superfluous baryta, which is separated by 
filtration. The clear liquid is then subjected to a cur- 
rent of hydrosulphuric acid gas as long as any precipi- 
tate is produced, and filtered. The sulphide of copper 
thus formed is treated in the manner described in (663), 
and from the weight of the oxide (CuO), that of the 
copper is calculated thus: — 

Ate. wt. of oxide of Ate. wt. of Wt. of oxide Wt. of copper in 33'83 

copper. copper. obtained. grs. of pyrites. 

V \ . / V. . y — 1^ V , ^ / V ^ / 

40 : 32 : : a : x 

which, when multiplied by three, represents the per- 
centage of copper in the mineral. 

(5.) Estimation of the Iron, 

687. The solution filtered from the sulphide of copper, 
must now be boiled to expel the excess of hydrosul- 
phuric acid, filtered, if necessary, from sulphur, and 
afterwards heated with a little nitric acid, for the pur- 
pose of peroxidizing the iron (269). Ammonia is added 
m slight excess : this throws down the iron as hydrated 
peroxide (280), which is to be filtered, dried, ignited, 
and weighed. The weight of the iron contained in the 
precipitate is thus calculated: — 

Ate. wt. of peroxide Ate. wt. Wt. of oxide Wt. of iron contoined in 

of iron. of iron. obtained. 83 33 grs. of pyrites. 

^ ^ » s , / V , / ^ , / 

40 . : 28 : : a x 

' A trace of tin is occasionally found in the pyrites, and will be con- 
tained in this residue as peroxide (SnOj). It may be detected by the 
blowpipe (379), and if found to be present, the residue is boiled with 
hydrochloric acid to dissolve out the minute globules of metallic tin j 
the chloride thus formed (SnCl) is filtered, and converted into peroxide 
by boiling with nitric acid ; the excess of acid is then expelled bj evapo- 
ration, when the peroxide of tin, if present in sufficient quantity, may 
be weighed, and its weight deducted from that of the siliceous residue. 
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688. The quantities thus obtained, should, when added 
together, amount to a fraction less than 100, the defi- 
ciency being, as before, set down as ^' loss" : — 

Copper, 
Iron, . 
Sulphur, 
Silica, . 
Tin (?), 
Moisture, 
Loss, . 



100-00 



PART V. 



CHAPTER L 



REAGENTS. 



689. The following is a list of the reagents, &e., 
usually employed in testing and analysis : — 



Sulphuric acid, strong and 
dilute. 

Hydrochloric acid. 

Nitric acid. 

Nitrohydrochloric acid (aqua 
reffia). 

Oxalic acid. 

Acetic acid. 

Tartaric acid. 

Hjdroenlpburic acid (sulphu- 
retted hydrogen). 

Ammonia. 

Hydrosulphate of ammonia. 

Carbonate of ammonia. 

Oxalate of ammonia. 

Phosphate of soda and am- 
monia (microcosmic salt). 

Potash. 

Carbonate of potash. 

Nitrate of potash. 

Iodide of potassium. 

Chromate of potash. 

^anide of potassium. 

B^rrocyanide of potassium (yel- 
low prussiate of 'potash). 

Ferridcyanide of potassium (red 
prussiate of potash). 



Antimoniate of potash. 
Carbonate of soda. 
Phosphate of soda. 
Borax. 
Lime water. 
Sulphate of lime. 
Chloride of calcium. 
Chloride of barium. 
Nitrate of baryta. 
Perchloride of iron. 
Nitrate of cobalt. 
Sulphate of copper. 
Ammonio-sulphate of copper. 
Acetate of lead. 
Subacetate of lead. 
Nitrate of silver. 
Ammonio-nitrate of silver. 
Perchloride of mercury. 
Protochloride of tin. 
Perchloride of gold. 
Bichloride of platinum. 
Sulphate of indigo. 
Solution of starch. 
Black flux. 
Distilled water. 
Alcohol. 
Litmus and turmeric paper. 



690. Most of these substances, as they are met with 
in commerce, being always more or less impure ; and, 

20* 



r 
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aa thoae even which are sold in the shops as pnre rea** ] 

fent^ are not unfreqaently found, on examination, to j 
e otherwise; it is always necessary, before takings 
reagent into use, to ascertaiQ by experiment whether i^ 
is of sufficient purity for the purposes for which it ii 
intended. It may be stated as a ceneral rule, that, whei 
a chemical substance is required for use in analysis, iL 
ought to be as nearly pure aa possible ; while, for th* 
other operations of chemistry, the substances which art 
usually met with in commerce are sufficiently pun 
The following brief remarks relative to the more com-^ 
mon impurities of reagents, together with their princi^l 
pal uses, will probably be found useful to the student. 

Sufphuric Acid (IIO,SO,). 

691. Sulphuric! acid, as found in commerce, is neval 
pure. The most common impurities are sulphate of-B 
lead iPiiO,SO^), nitric acid (JVOj), or binoxide of nitro* J 
gen (iVOj), and occasionally arsenic, and other saline ] 
matters. 

(a) If it contains the first, it will become turbid when I 
diluted with four or five times its bulk of water, owing 1 
to the sulphate of lead, which is soluble in the stron|^ J 
acid, being insoluble in the dilute. 

(6) Nitric acid, orthe binoxide of nitrogen, is detectet 
by warming a little of the acid in a test-tube, with a 
small crystS of protosulphate of iron (449) ; or by boit- 1 
ing a small portion tinged with a solution of sulphate I 
of indigo, when, if nitric acid is present, the blue color I 
will disappear (452). 

(e) Arsenic may be detected by Marsh's test ( 

(d) Any fixed saline impurity remains as a residue j 
when a few drops of the acid are evaporated on platinum I 
foil. ' 

692. The uses of sulphuric acid are very numerous. I 
Besides being employed extensively in many hrauchei J 
of manufacture, it is used iu the laboratory as a power- 1 
ful decomposing agent ; owing to its strong affinity for 1 
bases, nearly alt saline compounds are decomposed by | 
it, and its solvent powers are also very great. It is oftea j 
employed for the purpose of decomposing organic mat- ' 
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ter; also in the preparation of hydrogen, hydrosul- 
phuric acid, and other gases ; as a test for certain metals, 
and for many other purposes, 

698. Whendilute sulphuric acid is required, it is pre- 
pared by mixing together, in a porcelain basin, one part 
of the strong acid with four parts of distilled water, 
always adding the acid to the water y which should be kept 
constantly stirred, and allowing the precipitated sul- 

{)hate of lead (if any) to subside, after which the clear 
iquid may be poured off. 

Hydrochloric Acid (HCT). 

694. This acid, in the form met with in commerce, is 
never pure, usually containing sulphuric acid and 
chloride of iron, and occasionally free chlorine and 
traces of arsenic. 

(a) Evaporate a drop or two on platinum foil : if pure, 
no residue is left. 

(6) Dilute a portion with four or five times its bulk of 
distilled water, and add a drop of chloride of barium : 
if sulphuric acid is present, a white precipitate is pro- 
duced (408, 428). 

{c) Add ammonia in excess : a brown precipitate in- 
dicates iron (280). 

(d) Boil a little of the acid, tinged with sulphate of 
indigo : if it contains free chlorine, the blue color is 
bleached. 

{e) Arsenic may be detected by Marsh's test (313). 

696. The uses of hydrochloric acid are very numer- 
ous, especially in analysis, in which it is of constant 
value as a solvent for substances which are insoluble in 
water ; most of the metals dissolve readily in it, form- 
ing soluble chlorides, and it is occasionally used to pre- 
cipitate silver and mercury from their solutions. 

When dUvte hydrochloric acid is I'ecjuired, the strong 
acid may be diluted with about twice its bulk of water. 

Nitric Add {HOjNO;). 

696. Nitric acid, as met with in commerce, usually 
contains sulphuric and hydrochloric acids, and occa- 
sionally a little fixed saline matter. 
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(a) The latter may be detected by evaporating a few 
drops on platinum foil, when any fixed impurities will 
be left. 

Dilute a little of the acid with water, and divide it 
into two portions, 

(6) To the first, add chloride of barium ; if a white 
precipitate is produced, sulphuric acid is present (403, 
445). ^ ' 

(<?) To the other, add nitrate of silver : a white pre- 
cipitate, soluble in ammonia, indicates hydrochloric 
acid (429). 

697. Kitric acid is used chiefly as a solvent for sub- 
stances which are insoluble in water, especially some of 
the metals, which it readily oxidizes, and converts into 
nitrates, nearly all of which are soluble in water. It is, 
also, frequently employed to raise compounds to a 
higher state of oxidation, as in converting the protoxide 
of iron {FeO) into the peroxide (Fe^O^. 

When dilute nitric acid is required, it may be pre- 
pared by mixing one part of the strong acid with two 
parts of distilled water. 

Nitrohydrocliloric Acid (Aqua KegicC), 

698. This is always prepared when required, by 
mixing together strong nitric and hydrochloric acids, 
usually in the proportion of one part of nitric to four 
of hydrochloric. Its chief uses aepend on its intense 
oxidizing or chlorinizing properties, whereby the most 
refractory metals, some of which resist the action of all 
other acids, are brought into solution. 

JBj/drosulphuric Acid (HS). (^Sulphuretted Hydrogen,) 

699. This reagent, whether required in the gaseous 
form or in solution, is always prepared in the laboratory. 
Fragments of sulphide (sulphuret) of iron (FeS) are 
placed in a bottle, a (Fiff. 102), and treated with dilute 
sulphuric acid (which lor this purpose should consist 
of one part of acid and eight parts of water), which dis- 
engages the gas. 
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The gas thus formed, is passed through water contained 
in the second bottle, 6, for the purpose of purifying it 




Salphuretted Hydrogen Apparatus. 

from any sulphuric acid and iron that may have been 
carried over mechanically, and is then conducted, by 
the bent tube, /, into a bottle of distilled water, when 
an aqueous solution of the ffas is re(juired, or into a jar 
containing any solution xraich it is intended to act 
upon (95), 

It must be borne in mind, when experimenting with 
this gas, that it is not only highly offensive, but poison- 
ous, and induces headache and nausea even when largely 
diluted with air: on this account it should be prepared 
either near a ventilating flue, or in the open air ; never 
in a close room. 

700. In most cases of mere testing, the aqueous solu- 
tion is the most convenient form in which to applv it 
The water should be saturated with the gas, oi which 
it ifl capable of retaining in solution about its own 
volume; this may be judged of by its strong disagree- 
able smell, resembling that of rotten eggs, and by its 
giving a copious white precipitate of sulphur when 
treated with perchloride of iron (278). It should also 
be tested for iron, which it sometimes contains when 
carelessly prepared ; if such is the case, it becomes dark 
colored on the addition of ammonia, owing to the 
formation of sulphide of iron (271). The solution 
should Jiot be kept long, as it is liable to decompose, 
unless carefiilly closed from the air, the oxygen of which 
combines with the hydrogen to form water (-ffO), 
while sulphur is deposited. 
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701. When it is required to precipitate, by hydrosul- 
phurie acid, the whole of any metal in a solution, it is ne- 
cessary to pass the gas at once into it ; and this should be 
continued until the liquid is saturated, which is known 
by removing the gas-delivering tube, and blowing away 
the superincumbent air; when, if it smells distinctly of 
the gas, the solution may be considered saturated, and 
the whole of the metal must have been converted into 
sulphide. 

702. The importiint uses to which hydrosulphuric 
acid is applied, render it of great value in many pro- 
cesses of analysis. It precipitates many of the metals 
from their solutions as insoluble sulphides ; and is one 
of the reagents employed in determining the class to 
which an unknown metal in solution belongs (179). 
It is also extensively used in quantitative analysis, on 
account of the perfect manner in which it separates the 
whole of many of the metals from their solutions. Hy- 
drosulphuric acid is also sometimes useful as a deoxidiz- 
ing agent, reducing metallic oxides in solution to a 
lower degree of oxidation, as the peroxide of iron to the 
protoxide ; this property is ovsdng to the facility with 
which it is decomposed, yielding up its hydrogen to the 
oxygen of the oxide, while the sulphur is usually set 
free (278). 

Oxalic Acid (HOjO^O,). 

703. Oxalic acid occasionally contains traces of nitric 
acid (which causes it to deliquesce in damp air, and to 
have a slightly acid smell), and also fixed saline matter. 

[a) The first may be detected by boiling the solution 
with a drop or two of sulphate of indigo (452). 

(6) The latter, if present, is left as a fixed residue after 
ignition on platinum foil. 

It may be easily purified by recrystallization. 

704. The chief use to which oxalic acid is applied in 
analysis, is to precipitate lime from its solutions (218). 
(See also Oxalate of Ammonia (714). ) For use as a test, 
one part of the crystallized acid may be dissolve'd in ten 
parts of water ; but, as the solution is liable to decom- 
pose, it is better to keep it in the solid state, and to dis- 
solve a little when wanted. 
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Acetic Acid (HO, C^H^ 0^. 

705. Thi8 acid is often contaminated with one or 
more of the following substances : sulphuric, sulphu- 
rous, hydrochloric, and nitric acids, lead, and other 
saline matter. 

(a) Any fixed impurity may be detected by heating 
a little on platinum foil. 

(6) Add to a portion of the diluted acid, a solution of 
chloride of barium : if sulphuric acid is present, a white 
precipitate, insoluble in nitric acid, is thrown down (403). 

(<?)^oil a little of the acid with a very small quantity 
of peroxide of lead (PbjOJ : if the latter becomes white 
(owing to its conversion into sulphate of lead), sulphur- 
ous acid is present. Fhfi^+SO^=¥hO,SO^+2PbO. 

(d) Nitrate of silver, added to the diluted acid, gives 
a white curdy precipitate, which is insoluble in nitric 
acid, if any hydrochloric acid is present (429). 

(e) Boil a little of the acid, tinged with sulphate of in- 
digo : if the color is bleached, it is probably owing to 
the presence of nitric acid (452). 

(/) Neutralize a smallportion with ammonia, and add 
hydrosulphuric acid or hydrosulphate of ammonia : if 
lead or any other metallic matter is present (except the 
alkalies and alkaline earths), a precipitate is produced 
(648), 

706. Acetic acid is chiefly employed in the laboratory 
as a solvent, and for the purpose of acidifying solutions, 
in cases, where hydrochloric and nitric acid would act 
prejudicially. 

Tartaric Acid {2U0yC^BfiJ. 

707. Tartaric acid sometimes contains a trace of lime 
and sulphuric acid, but is usually sufficiently pure for 
analytical purposes. The lime may be detected by neu- 
tralizing a portion with ammonia, and adding oxalate 
of ammonia (218) ; and the sulphuric acid by chloride 
of barium (403). 

708. Tartaric acid is used as a test for potash, with 
which it forms a sparingly soluble bitartratc (186). Its 
property of preventing the precipitation of iron and 
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some other metals by the alkalies (478), ia oceasionallT] 
made available Id analysis. It should be kept in a, soll^ 
state, aiid a solution made when required, as when kep| 
in solution it soon becomes mouldy; for this purpos* 
the crystallized acid may be dissolved in about thrt 
times its weight of water. 

Ammonia (^NB,). 

709. The liquid ammonia of the shops is generallvJ 
sufficiently pure for moat purposes of analysis; itsom»i 
times, however, contains traces of carbonate, sulphatojl 
and muriate of ammonia, and occasionally chloride £^_ 
calcium. The carbonate is detected by adding limrf 
water (420) ; the sulphate by supersaturating with dilute 
nitric or hydrochloric acid, and testing with chloride o* 
barium (403) ; the muriate of ammonia may he detectet, 
by supersaturating with nitric acid, and adding nitrat^ 
of silver (429) ; and the lime (chloride of calcium) witl 
oxalate of ammonia (218). 

Ammonia ia used chiefly for the purpose of neutralia^l 
ing acid solutions, and for precipitating metallic oxidelf I 
from their solutions, moat of which are decompose^ I 
by it. 

BifdrosuJpkale of Ammonia (Nir,S,nS). 

710. Hydrosulphate of ammonia is prepared bypasrfrl 
ing a stream of hydrosulphuric acid gas (699) through ] 
a solution of ammonia until it is saturated. To ascer* I 
tain whether the saturation is complete, a few drop^ I 
may be tested with sulphate of magnesia ; if the aiQ^ I 
monia is saturated, this gives no precipitate ; hut if any I 
free ammonia ia left, it throws down the hydrate of J 
magnesia. When first prepared, the solution is almost 1 
colorless, hut it gradually becomes yellow, owing ta I 
partial decomposition, the oxygen of the air combiningj I 
with the hydrogen, while sulphur ia set free, and rovl 
mains dissolved: when this decomposition baa taken,! 
place, the addition of an acid causes not only the evo-. 1 
lution of hydrosulphuric acid, hut also precipitates the I 
dissolved sulphur (440), .\ 

711. Hydrosulphate of ammonia is much used, both 
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in qualitative and quantitative analysis, chiefly for the 
purpose of precipitating certain metals fix>m their solu- 
tions, and for separating the metals of the third class 
from the alkalies and alkaline earths (593). 

Carbonate of Ammonia (2NHp,3COj^. 

712. The common carbonate of ammonia is a sesqui- 
carbonate, or a compound of the neutral carbonate 
(NH.OjCOj) and the bicarbonate (WB[p,2G02). When 
the neutral carbonate is required, and it is the best suited 
for most purposes of analysis, it may be prepared in 
solution by dissolving one part, by weight, of the crys- 
tallized sesquicarbonate, in three or four parts of water, 
and adding one part of liquid ammonia (sp. gr. 0"96). 
It is frequently employed in analysis, to precipitate some 
of the metals as carbonates : it is also used to neutralize 
acid solutions, and for other purposes. 

713. It is occasionally contaminated with traces of 
animal oil, and sulphate and muriate of ammonia. 

(a) Heat a small fragment on platinum foil : if any 
fixed saline impurity is present, it will be left after igni- 
tion ; and if any charring takes place, it indicates the 
presence of animal matter. 

(6) Supersaturate a little of the solution with nitric 
acid, and add to one portion a few drops of chloride of 
barium : a white precipitate, insoluble in nitric acid, 
indicates sulphuric acid (403). 

{c) To the other portion of the acid solution, add 
nitrate of silver : if any muriate of ammonia is present, 
it will cause a white curdy precipitate (429). 

Oxalate of Ammonia (NH^OjCjOj-hAq). 

714. This salt, as metwithinthe shops, is sufficiently 
pure fbr all purposes of analysis. Like oxalic acid, it 
18 employed chiefly for the purpose of precipitating lime 
from its solutions (218) ; for this purpose, it may be dis- 
solved in about six times its weight of water. 

Phosphate of Soda and Ammonia (Microcosmtc Salt), 
* (NaO,NH,0,HO,P05+8Aq.) 

716. This salt occasionally contains traces of chloride 

21 
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of sodium, wliich may readily be detected by adding a 
few drops of nitrate of silver to a solution of the salt, 
acidified with nitric acid, when a curdy white precipitate 
indicates the presence of the chloride (429). 

Microcosmic salt is used almost exclusively in blow- 
pipe experiments ; when heated, it is decomposed, the 
ammonia and water are expelled, and soda, with excess 
of phosphoric acid, is left. 

Potaili (JCO). 

716. On account of its stix)ng aflSnity for many sub- 
stances, and its property of readily decomposing others, 
caustic potash is rarely found free from impurities. 
Those most commonly met with are organic matter, 
sulphate and carbonate of potash, chloride of potassium, 
silicic acid, and alumina. 

{a) If organic matter is present, the solution of potash 
is more or less brown, and, on evaporation, leaves a 
brown residue. 

(6) Sulphuric acid is detected by diluting the potash 
with wiater, supersaturating with nitric or hydrochloric 
acid, and adding chloride of barium, when, if it is 
present, the white insoluble sulphate is thrown down 
(403). 

{c) If carbonic acid is present, lime water causes a 
white precipitate, which is soluble with eftervescence 
when the solution is supersaturated with hydrochloric 
acid (420). 

(d) A little of the diluted solution is supersaturated 
with nitric acid, and tested with nitrate of silver : a 
white curdy precipitate, soluble in ammonia, indicates 
chlorine or chloride of potassium ^429). 

(c) Neutralize a small portion with hydrochloric acid, 
and evaporate to dryness : if the residue is not wholly 
soluble in hydrochloric acid, silica is probably present 
(425). 

(/) If alumina is present, it will be precipitated when 
the potash solution is neutralized with hydrochloric acid, 
and treated with a slight excess of ammonia (241). 

717. Potash is used chiefly for the purpose of pre- 
cipitating some of the metallic oxides from their saline 



REAGENTS. 24 



o 



Bolutions, which it does on account of its strong affinity 
for the acids with which they were in combination. 
CuOySOi+KO,HO=KOySO^+CviO,nO. 
It is employed also for neutralizing acid solutions, 
decomposing organic compounds, and many other pur- 
poses. A solution of potash having a specific gravity 
of about 1060, is a convenient strength for most analy- 
tical purposes. 

Carbonate of Potash (KO,C084-2Aq). 

718. This salt generally contains traces of sulphate 
and chloride, and occasionally silica and alumina. 

(a) A solution, supersaturated with nitric acid, and 
tested with chloride of l)arium, gives a white precipitate 
if any sulphuric acid is present (403). 

(b) A solution similarly acidined, gives, with nitrate 
of silver, a white curdy precipitate, if it contains chloride 
of potassium (429). 

(c) Neutralize a portion of the solution' with hydro- 
chloric acid, and evaporate to dryness : if the residue does 
not wholly dissolve when treated with hydrochloric 
acid, silica is probably present (425). 

(d) K carbonate of ammonia causes, in a neutralized 
solution, a white gelatinous precipitate, alumina is pro- 
bably present (243). 

Carbonate of potash is frequently employed to pre- 
cipitate metallic oxides and carbonates from their solu- 
ble combinations, and for the purpose of neutralizing 
acid solutions. 

Nitrate of Potasli (KCNO,). 

719. Nitrate of potash often contains traces of sul- 
phate and chloride, and occasionally nitrates of soda 
atid lime. 

(a and b) The sulphate and chloride may be detected 
with chloride of barium and nitrate of silver (718, a 
and b). 

(<?) K lime is present, it causes a precipitate when the 
solution is treated with oxalate of ammonia (218). 

(d) The presence of nitrate of soda causes the salt to 
deliquesce in a moist atmosphere. 
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720. It IB used almost excIuBively in tbe diy state, ftw 
the purpose of oxidiziug Bnbetauces, which resist other 1 
methods of oxidation ; this property is owing to tb6 ] 
oxygen of the nitric acid being loosely combined, and ( 
at a high temperature readily yielded up to any sub;- 
stance which has a strong affinity for it, such as sul- 
phides, organic matters, &c. 

Iodide of Potansium (KI). 

721. Iodide of potaaatum is often adulterated witj 
carbonate of potash ; sulphate of potash and eldorid 
of potash are also often present. It should always b 
in the form of well-defined (cubical) crj-stals, as 
adulterated varieties are readily distinguishable bytl 
imperfect crystalline form. 

{a) Add a Httle dilute hydrochloric acid: if eft'H_ 
vescenco takes place, some carbonate is present (il9). i% 

(b) If sulphates are present, they may be detected bjf J 
adding chloride of barium, which will, in that case, 1 
cause a white precipitate, insoluble in nitric acid (403)^ I 

(e) Add a little nitrate of silver; this will cause %M 
pale yellow precipitate of iodide of silver, together witij^ 
chloride of silver, in case any soluble chloride is prenl 
sent. To separate them, filter the mixture, and afto 
washing the precipitate, treat it with a slight excess o 
ammonia, which dissolves the chloride (if any), am 
leaves the iodide undissolved (433) ; on neuti-alizingJ 
the ammoniacal solution with uitrie acid, the appeal*^ I 
anee of a white curdy precipitate indicates the presenc«t I 
of a chloride (429). J 

Iodide of potassium is employed chiefly as a test for i 
lead, mercury, and occasionally some of the other 
metals. For use as a reagent, one part of the s 
be dissolved in ten parts of water. 

Chromate of Potaxh (K0,CrO3). 

722. This salt occasionally contains traces of sulphate \ 
of potash, which is readily detected by precipitating & 1 
little of the solution with nitrate of baryta, and adding' J 
an execBs of nitric acid, which redissolves the chromatdi | 
of baryta, while any sulphate remains insohible. 
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It is employed as a test for several of the metallic 
oxides, with many of which it forms insoluble salts 
(chromates), of characteristic colors, as the cltromate of 
lead (363), which is bright yellow. For use as a reagent 
it may be dissolved in ten times its weight of water. 

Cyanide of Potassium (KCy). 

723. Cyanide of potassium is sometimes used in 
blowpipe experiments, and also as a liquid test. It 
should be colorless, and entirely soluble in water. 

Ferrocyanide of Potassium (K^^FeCyj+SAq). (Yellow 

Prussiate of Pota^.) 

724. This salt, as met with in commerce, is suffi- 
ciently pure for the purposes of testing. It is em- 
ployed as a test for the persalts of iron, with which it 
forms a deep blue precipitate of sesquiferrocyanide of 
iron, or Prussian blue (282). It gives characteristic 
precipitates, also, with some other metals. For use as 
a reagent, one part of the salt may be dissolved in fif- 
teen or twenty parts of water. 

Ferridcyanide of Potassium (KgjFegCyg). (Red Pi'ussiate of 

Potash.^ 

725. It occasionally contains traces of the yellow 
prussiate, which is easily detected by the solution giv- 
ing a blue precipitate with perchloride of iron (282). It 
is used as a test for the protosalts of iron, with which 
it forms a blue precipitate of ferridcyanide of iron (276), 
which is similar in appearance to that formed by ferro- 
cyanide of potassium with the persalts. It may be dis- 
solved in ten or fifteen parts of water. 

Antimxmiate of Potash (KOySbO^). 

726. This substance seldom or never contains any 
impurity that can interfere with its action as a test for 
soda, which is the only use to which it is applied in the 
laboratory. It must be kept in a well stoppered bottle, 
and carefully excluded from the air, as the carbonic acid 
is liable to decompose it, and cause a precipitation of 
antimonic acid. 

21* 
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Carbonnte of Soda (NaO,CO, + 10A(i). 

727. The best method of preparing pure cnrhonatei 
of soda, is to ignite the crystallized bicarbonate (NaCvJ 
H0,2C0,), when the second equivalent of carbonic aciftJ 
audthe water are expelled, and pure anhydrous carboj 
nate is left. The salt of commerce frequently eoutain. 

a little sulphite and chloride, which may be dctectedfl 
in the manner already detailed (718 a and b). Tb(^ 
more impure varieties contain also traces of sulphide c 
sodium, and sulphite and hj'posulpbite of soda. Thef 
may be detected by adding dilute snlphurie acid, : 
passing the evolved gas into a solution of acetate c 
load ; this should cause a white precipitate of oariMJ 
nate of lead (422), and not a brown one (438) ; and n 
precipitation of sulphur should take place on the adiS 
tion of the acid, 

728. It is employed for the same purposes as carbO'* 
nate of potash (718); also as a flux for the blowpipe^ J 
and for fusing with insoluble silicates, &o. For use fti J 
a liquid reagent, one part of the salt may be diasolvetll 
in ten parts of water; 

Phosphate of So,ia (2NaO,HO,POj+24Aq). 

729, This salt sometimes contains a little sulphate andl 
chloride. To detect these impurities, add to one por* S 
tion, in solution, chloride of barium, and to the oth$^ I 
nitrate of silver, and supersaturate both with uitri^l 
acid: if the precipitate does not entirely dissolve tAM 
either case, a sulphate or chloride is present (403, 429)k I 

It is employed chiefly as a test for magnesia, with! 
which it forms, in the presence of ammoniacal salts, tht <\ 
double phosphate of magnesia and ammonia (206). ] 
For the purposes of testing, it may be dissolved in ten ] 
parts of water. 

Boriix {Biborate of Sotla), (NaO,2BO,+10Aq). 

730, Borax occasionally contains traces of sulpbatftJ 
and chloride, which may be detected in the same wojr J 
as in the phosphate of soda (729). It is employea < 
almost exclusively as a iliix in blowpipe cxperimente, 
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for which purpose it is admirably adapted ; the second 
equivalent of boracic acid which it contains, exerts a 
stronff affinity for bases at a high temperature, and is 
capable of displacing several acids from their combina- 
tions ; it also forms manv double compounds and mix- 
tares which are readily nisible. 

Lime Water (^CaO in Water). 

781. This reagent is prepared by digesting hydrate 
of lime (CaO,HO) in cold distilled water for an hour or 
two, stirring the mixture occasionally, and when the 
undissolved portion of the lime has subsided, pouring 
off the clear solution, and filtering if necessary. As it 
is liable to spoil when exposed to the air, owing to the 
absorption of carbonic acid, it should be kept in a well- 
stoppered bottle. 

782. Lime water should be sufficiently strong to turn 
the yellow color of turmeric instantly and decidedly 
brown ; and, when tested with carbonate of soda, should 
throw down a copious white precipitate of carbonate of 
lime (214^. It is used as a test for carbonic acid and 
some of tne organic acids ; for expelling ammonia from 
its combinations, and for many other purposes. 

Sulphate of Lime (CaO,S03+2Aq). 

733. Sulphate of lime being very sparingly soluble 
in water, is always used in the form of a saturated so- 
lution, which is prepared by digesting the sulphate in 
water, stirring it occasionally, and pouring off the clear 
solution from the undissolved portion. It is used chiefly 
as a test for some of the organic acids, and for dis- 
tinguishing baryta from strontia. The solution ought 
to give an immediate precipitate of sulphate of baryta, 
when tested with chloride of barium (226). 

Chloride of Calcium (CaCl). 

784. This substance occasionally contains a little free 
acid, and traces of iron. The first is detected by test 
paper, and the latter, if present, causes hydrosulphate 
of ammonia to throw down in the solution a black pre- 
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cipitate, or to impart a greenieb tint to the liquid {279]^.l 
Aa a reagent, chloride of calcium is employed chieflTJ 
in testing for some of the organic acids. It is also c^ 
groat use in the laboratory as a drying agent, having b 
strong an affinity for water, that a moist gaa pasaej 
over it, is rapidly and completely deprived of its water 
For this purpose the chloride need not he absolutelyj 
pure : it should not be fused, but merely dried, as thai 
unfuaed is more porous, and consequently offers a largei^ 
amount of surface to any gas passed over it. 

Ckhi-iih of Barium {BaCl+2Aq). 

735. Chloride of barium sometimes contains tract 
of iron and lime. It should not be discolored by hyi»i| 
drosulphate of ammonia (279), and, after being treate " 
with a slight excess of sulphuric acid, and filtered, thai 
clear solution should leave no Axed residue when evapoif 
rated on platinum foil ; because the whole of the baryti 

is Bopai-ated by the sulphuric acid, and any other fixet' 
matter must be some impurity. 

It ia used chiefly for tlio purpose of testing for aci^ 
(558), especially sulphuric, with which it forms the iiw»l 
soluble sniphate of baryta (403). For use, one part ot\ 
the salt may be dissolved in ten parts of water. 

mtrate of Bar j/ fa (BaO.NOJ. 

736. Nitrate of baryta is liable to the same impurities 
as chloride of barium (735), and they may be detected 
in the same way. It should also be free from any- 
chloride, which may be known by adding nitrate of 
silver (429). Its uses are the same as those of chloride 
of barmm, for which it ia occasionally substituted in 
cases when the addition of the chloride would interfere' 
with the subsequent stages of an analysis, as wlien W8 
have to test for chlorides in the same solution (605). 
For use, it may be dissolved in ten parts of water. 

Perchli>riJ.e of Iron (Fe^CI,). 

737. This salt is liable to contain a little free acid, 
and traces of the protocliloride (FeCi). Tbe free acid 
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is detected in the manner described in ^535, b) ; and if 
any protosalt of iron is present, the solution gives a blue 
color with ferridcyanide of potassium (276). It is used 
as a test for some of the organic acids, and is also some- 
times useful in the determination of phosphoric acid. 
It may be dissolved in five parts of water. 

Nitrate of Cobalt (CoO,NO,+6Aq). 

788. This reagent is used chiefly for the detection of 
alumina, zinc, magnesia, and some other substances, by 
means of the blowpipe (124^. The solution employed 
for this purpose may contain one part of the salt dis- 
solved in ten of water. 

Sulphate of Copper (CuOjSOj+SAq). 

789. This salt is occasionally used as a test for arsenic 
(811), and for otherpurposes : it may be dissolved in ten 
parts of water. The ammoni(hSulphate of copper {CuO, 
2NH^jH0jS0^)j which is also used in testing for arsenic, 
is prepared by adding ammonia to the solution of sul- 
phate of copper, until the precipitate at first formed is 
nearly all dissolved, when the solution is filtered, and 
kept for use. 

Acetate of Lead (PbOjC^HgOj+SAq). 

740. Acetate of lead is used as a test for several acids, 
which form with oxide of lead insoluble salts. For 
testing, one part of the salt may be dissolved in ten 
parts of water. 

Subacetate of Lead (SVhOfi^Efi^). 

741. The subacetate is prepared by boiling together 
equal weights of the neutral acetate (740) and protoxide 
of lead (PbO) in water, and filtering the solution, which 
must be kept in a well-stoppered bottle, as it is easily 
decomposed when in contact with the air, owing to the 
strong aflSinity of the oxide of lead for carbonic acid. 
Both this and the neutral acetate are used in testing for 
hydrosulphuric acid, and for some of the other acids, 
especially carbonic. 
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Nitrate of Silver (AgOjNO^). 

742. This reagent is sometimes adulterated with 
nitrate of potash, and occasionally contains traces ot 
copper and lead. When precipitated by a slight excess 
of hydrochloric acid, the filtered solution ought to leave 
no fixed residue when evaporated on platinum foil, as 
the whole of the silver would be thrown down (377), 
and any impurity would remain in solution. Copper 
is detected by adding ammonia in excess to the solution, 
when it will give the liquid ablue tinge (369). Nitrate 
of silver is used chiefly as a test for cnlorine (chlorides 
and hydrochloric acid), and also for phosphoric and 
some of the other acids. For use as a reagent, one part 
of the salt may be dissolved in twenty parts of water. 

743. The ammonio-nitrate of silver {AffO,2Nff^^NO^\ 
used as a test for arsenic, is prepared by adding 
ammonia ta a solution of the nitrate, until the precipi- 
tate at first thrown down is nearly all redissolved, and 
filtering from the undissolved oxide. 

Perchloride of Mercury (HgCl<j). 

744. This is occasionally employed as a test for hy- 
driodic and some other acids, and also for some kinds 
of organic matter: for this purpose it maybe dissolved 
in twenty parts of water. 

ProtocMoride of Tin (SnCl). 

745. Protochloride of tin is prepared by boiling 
metallic tin in strong hydrochloric acid, care being 
taken that a portion of the metal remains undissolved, 
as otherwise a little perchloride might be formed ; the 
solution is then filtered, acidified with a few drops ot 
hydrochloric acid, and diluted with about four times 
its bulk of water. A few fragments of metallic tin 
should be kept in the solution, in order to prevent the 
formation of any perchloride. 

746. Protochloride of tin is employed chiefly as a test 
for gold and mercury, and also as a deoxidizing agent, 
for which purpose it is well adapted, on account of its 
strong tendency to combine with oxygen or chlorine. 
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It occasionally contains traces of lead and iron, which 
may be detected by adding hydrosulphate of ammonia 
in excess to the solution, when, if pure, the precipitate 
is wholly redissolved, but, if either of those metals is 
present, a black residue is left, since their sulphides are 
msoluble in the hydrosulphate. 

Ferchloridc of Gold (AuClj). 

747. This reagent is used almost exclusively as a test 
for the protosalts of tin (386), so that a very small 
quantity will be found sufficient for the purpose of test- 
ing. One part of the salt may be dissolved in thirty 
parts of water. 

Bichlornh of Platinum (PtCl,). 

748. Bichloride of platinum is employed only as a 
test for potash, soda, and ammonia ; it may be dis- 
solved in about ten parts of alcohol. 

Sulphate of Indigo, 

749. This substance may be prepared in solution, by 
dissolving a little indigo in strong sulphuric acid, and 
diluting the acid solution with water, so as to form a 
pale blue liquid. It is used chiefly as a test for nitric 
acid and chlorine, by which it is decomposed, and its 
color discharged. 

Solution of Starch (^G^H^O^^, 

750. This is made by gently boiling starch with 
water. It is employed as a test for iodine, for which 
purpose small pieces of thread on paper maybe steeped 
m me solution, dried, and kept for use. 

Black Flux, 

751. Black flux is an intimate mixture of carbonate 
of potash and finely divided charcoal, and is prepared 
by deflagrating in an iron spoon or crucible, a mixture 
of two parts of bitartrate of potash and one of nitre. 
It is used as a reducing flux in blowpipe experiments. 
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DisttOed Water (HO). 

752. Pure distilled water is prepared by carefully 
distilling any of the common kinds of water either in 
a still or retort, rejecting the first and last portions (62). 
For many purposes, rain water, when collected at a 
distance from towns or manufactories, and boiled and 
filtered, will be found sufficiently pure ; but in analy- 
tical experiments, distilled water ought always to be 
used. 

753. Before taking it into use, it should be tested 
with the following reagents : — 

(a) Litmus and turmeric paper, for free acids and 
alKalies. 

(6) Chloride of barium for sulphates (403). 

{c) Nitrate of silver for chlorides (429). The mixture 
shortly becomes dark-colored, especially if organic 
matter is present. 

[d) Oxalate of ammonia for lime (218). 
e) Lime water for carbonic acid (420). 

[/) Hydrosulphate of ammonia for any metals of the 
third or fourth class. 

{g) When heated on platinum foil, it should leave no 
trace of solid residue. 

Distilled water is used chiefly as a solvent, and for 
washing precipitates, besides many other purposes to 
which it is constantly applied. 

Alcohol (^C^H^yOjHO). 

754. The alcohol commonly used in chemical expe- 
riments should have a specLnc gravity of about 0*83, 
except in cases where absolute alcohol is required, when 
it should be 0-796. When evaporated on platinum foil, 
it should leave no residue, and should not change the 
color of litmus paper. It is used chiefly as a solvent, 
and for the purpose of facilitating the precipitation of 
substances which are less soluble in it than in water. 



APPENDIX. 



WEIGHTS AND MEASURES. 
Troy or Apothecaries' Weight 



Pound. 


Ouncet. 


Drachms. Scruples. Grains. 


French OramuMi. 


1 — 


12 = 


: 96 — 288 — 5760 




372-96 




1 — 


8 — 24 — 480 




31-08 






1 — 3 — 60 




3-885 






1 — 20 




1-295 






1 




0-0647 






Avoirdupois . Weight. 






Pound. 


Onnces. 


Drachm?. Oralns. 


French Orammes 


1 — 


16 


— 266 — 7000 




463-25 




1 


— 16 — 437-5 




28-328 






1 — 27-343 




1-77 



Gallon. 
1 



Imperial Measure. 



Pints. Fluid Ounces. 

8 = 160 
1 = 20 

1 



Fluid Drachms. 

1280 

160 

8 

1 



Minims. 

76,800 

9,600 

480 

60 



Weight of Water at 62°, contained in the Imperial Gallon, &c. 

Grains. 
Imperial Gallon . . = . . 70,000 



ti 
a 
u 



Pint 
Fluid Ounce 
Fluid Drachm 
Minim 



8,750 
437-5 
547 
0-91 



22 
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1 
1 
1 
1 
1 



Cubic Inches contained in the Imperial Gallonj <Scc, 

Cubic inches. 

Imperial Gallon . . = . . . 277-273 



u 
li 
u 



Pint 

Fluid Ounce 

Fluid Drachm 

Minim 



FRENCH WEIGHTS AND MEASURES. 
Measures of Length. 



34-659 
1-732 
0-2166 
0-0036 







English Inc)\^. 








Millimetre 




•03937 








Centimetre 




•39371 








Decimetre 




3-93710 








Metre 




39^37100 


Mil. Fur. 


Yds. Feet 


In. 


Decametre 




393-71000 — 





10 2 


9-7 


Hecatometre 




3937-10000 — 





109 1 


1 


Kilometre 




39371-00000 — 


4 


213 4 


10-2 


Ikfyriometre 




393710-00000 — 


6 1 


156 


6 






Measures of Capacity. 












English Imperial Measure. 






Cubic Inches. 


Gall. Pints. F.os. F.drms. 


. Min. 


MiUilitre 




•06102 — 








16-3 


Centilitre 




•61028 — 





2 


42 


Decilitre 




6-10280 = 





3 3 


2 


Litre 




61-02800 — 





1 15 1 


43 


Decalitre 




610-28000 — 


2 


1 12 1 


16 


Hecatolitre 


— — ^ 


6102-80000 — 


22 


14 


48 


Kilolitre 




61028-00000 — 


220 


12 •€ 


24 


Myriolitre 




61028000000 — 


2200 


7 13 4 


48 






Measures of Weight. 










English Grains. 








Milligramme 




•0154 








Centigramme 


— 


•1544 






' 


Decigramme 


ii^ 


1-5444 


Avoirdupois. 




Gramme 




15-4440 


Poun. 


Gun. Dram. 




Decagramme 




154-4402 — 





5-65 




Hecatogramme == 


1554-4023 = 





3 86 




Kilogramme 




15444-0234 — 


2 


3 5 




Mjriogramme 


— 


154440-2344 = 


22 


1 2 
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TABLE I. 

Showing the QuaivtUy of Oil of Vitriol (UOjSOi) of sp, gr, 1*8485, 
and of Anhydrous Acid (SOj), in 100 Parts of dilute Sulphuric Acid, 
of different Specific Gravities ( lire). 



Liqald 


Sp. Or. 


Dry Add. 


Liquid 


Sp. Gr. 


■ 

Dry Add. 


Aeid. 






Acid. 






100 


1-8485 


81 -54 1 


65 


1-5390 


5300 


99 • 


18475 


88-72 : 


64 


1 -5280 


62-18 


98 


1-8460 


79-90 ! 


63 


1-5170 


61-37 


97 


1-8439 


7909 


62 


1-5066 


50.55 


96 


1-8410 


78-28 


61 


1-4960 


49-74 


95 


18376 


77-46 i 


60 


1 -4860 


48-92 


94 


18336 


76-65 • 


59 


1 4760 


4811 


93 


1-8290 


75-S3 


58 


1-4660 


47-29 


92 


1-8233 


75 02 


57 


1-4500 


46-48 


91 


1-8179 


74-20 


56 


1-4400 


46-66 


90 


1-8115 


73-39 


56 


1-4360 


44-85 


89 


18043 


72 67 


54 


1-4205 


44-03 


88 


1-7962 


71-75 


63 


1-4170 


43-22 


87 


17870 


70-94 


52 


14073 


42-40 


86 


1-7774 


7012 


51 


1-8977 


41-68 


85 


1-7673 


69-31 


50 


1-3884 


40-77 


84 


1-7570 


68-49 


49 


1-8788 


39-95 


83 


1-7465 


67 68 


48 


1 -3697 


39-15 


82 


17360 


66-86 


47 


1-3612 


38-32 


81 


17245 


66 05 


46 


1 -8630 


37-51 


80 


1-7120 


65-23 


45 


1-8440 


86-69 


79 


16993 


64-42 


44 


1 •8345 


35-88 


78 


1-6870 


68-60 


43 


1-8255 


35 06 


77 


1-6750 


62-78 


42 


1-3165 


84-25 


76 


16630 


61-97 


41 


1 -3080 


88-48 


75 


1-6520 


61-15 


40 


1 2999 


32-61 


74 


1-6415 


60-34 


89 


1-2918 


31-80 


78 


1-6821 


59-82 


88 


1-2826 


80-98 


72 


1-6204 


58-71 


87 


1-2740 


80-17 


71 


1-6090 


57-89 


86 


1-2664 


29-85 


70 


1-5975 


57-08 


! 85 


1 -2672 


28-54 


69 


1-6868 


56-26 


i 84 


1 -2490 


27-72 


68 


1-5760 


65-45 


83 


1 -2409 


26 91 


67 


1-6648 


54-63 


! 32 


1 -2334 


26 09 


66 


1-5503 


58-82 


i 81 


1-2260 


25-82 
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TABLE L-^Continued. 



Liqaid 


Sp. Gr. 


Dry Acid. 


Liquid 


Sp. Gr. 


Dry Add. 


Acid. 






Acid. 






80 


1-2184 


24-46 


15 


11019 


12-23 


29 


1-2108 


23-65 


14 


10953 


11-41 


28 


1-2032 


22-83 


13 


10887 


1060 


27 


11 956 


22-01 


12 


10809 


9-78 


26 


1-1876 


21-20 


11 


1-0743 


8-97 


25 


1-1792 


20-38 


10 


1-0682 


8-15 


24 


1-1706 


1957 


9 


10614 


7-34 


23 


1-1626 


18-75 


8 


1 -0544 


6-52 


22 


1-1549 


17-94 


7 


1-0477 


571 


21 


1-1480 


17-12 


6 


10405 


4-89 


20 


11410 


16-31 


5 


1 -0336 


4-08 


19 


11330 


15-49 


4 


1-0268 


8-26 


18 


1-1246 


14-68 


3 


1-0206 


2-446 


17 


1-1165 


13 84 


2 


1-0140 


1-63 


16 


1-1090 


13 05 


1 


1-0074 


0-8154 



TABLE IL 

Showing the Quantity of Real or Anhydrous Nitric Acid (NOj) in 100 
Parts of Liquid Acid, of different Specific Gravities ( Ure), 





Real acid 




Real add 




Real acid 


Specific 
Gravity. 


in 100 

parts of the 

Liquid. 


Specific 
GraTity. 


in 100 

parts of the 

Liquid. 


Spedflc 
GraTity. 


in 100 

parts of the 

Liquid. 


1-5000 


79-700 


1-4600 


68-542 


1-4066 


57-884 


1-4980 


78-903 


1-4570 


67-746 


1-4023 


66-587 


1-4960 


78-106 


1-4630 


66-948 


1-8978 


55-790 


1-4940 


77-809 


1-4500 


66-156 


1-8946 


64 993 


14910 


76-512 


1-4460 


65-354 


1-8882 


54196 


1-4880 


75-715 


1-4424 


64 667 


1-8888 


58-399 


1-4850 


74-918 


1-4385 


68-760 


1 8763 


52-602 


1-4820 


74-121 


1-4346 


62-963 


1-8732 


51 806 


1-4790 


73-324 


1-4806 


62166 


1-8681 


61068 


1-4760 


72-527 


1-4269 


61-869 


1-8630 


60 211 


1-4730 


71-730 


1-4228 


60-572 


1-8579 


49-414 


1-4700 


70-933 


1-4189 


59-775 


1-8529 


48-617 


1-4670 


70186 


1-4147 


58 978 


1-3477 


47-820 


1 -4640 


69-339 


1-4107 


58-181 


1-8427 


47-023 
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TABLE U.—'CoHtinued. 





Real acid 




Real acid 




Real acid 


Specific 


in 100 


Specific 


in 100 


Specific 


in 100 


GraTity. 


parttf of the j 


Gravity. 


partfl of the 


Gravity. 


parts of the 




Liquid. ; 

! 




Liquid. i 




Liquid. 


1-8876 


46-226 


1-2212 


80-286 


1-1061 


16-148 


1 -3328 


45*429 


1-2148 


29-489 : 


10998 


14-846 


1-8270 


44-632 


1-2084 


28 692 '■• 


1-0936 


13649 


1-8216 


48-885 ' 


1-2019 


27-896 


10878 


12-762 


1-8168 


48 088 


1-1968 


27-098 ! 


1-0821 


11-956 


1-8110 


42-241 


1-1896 


26-301 


1-0764 


11-158 


1-8056 


41 -444 


1-1838 


25-504 


10708 


10-361 


1-8001 


40-647 


11770 


24-707 ' 


1-0651 


9-664 


1-2947 


89-860 1 


11709 


23910 ' 


10596 


8-767 


1-2887 


89-058 i 


1-1648 


28113 i 


10640 


7-970 


1-2826 


88-256 


1-1687 


22-816 : 


1-0485 


7178 


1-2765 


87-469 


1-1626 


21-519 : 


10430 


6-876 


1-2705 


86-662 1 


1-1465 


20-722 ! 


10375 


6-579 


1-2644 


86-866 


11408 


19-926 , 


1-0320 


4-782 


1 -2583 


86 068 


11845 


19128 


1 0267 


8 986 


1-2628 


34-271 


11286 


18-831 : 


10212 


8 188 


1 -2462 


88-474 1 


1-1227 


17-634 i 


1-0169 


2-891 


1-2402 


82-677 ! 


11168 


16-787 


10106 


1-694 


1-2841 


81-880 


11109 


16-940 


10053 


0-797 


1-2277 


81-083 

1 











TABLE IIL 

Showing the Quantity of Anhydrous Hydrochloric Add (HCl) in the 
Liquid Acid of different Specific Gravities ( Ure). 



Add 
of 120 
in 100. 


Spedfio 
GraTity. 


Chlorine. 


Hydro- 
chloric 
Gas. 


Add 
of 120 
in 100. 

92 
91 
90 
89 
88 
87 
86 
j85 


Spedfic 
GraTity. 


Chlorine. 


Hydro- 
chloric 
Gas. 


100 
99 
98 
97 
96 
96 
94. 
98 


1-2000 
1-1982 
1-1964 
1-1946 
1-1928 
1-1910 
1-1893 
1-1876 


89-675 
89 278 
88-882 
88-485 
38-089 
87-692 
37-296 
86-900 


40-777 
40-369 
39-961 
39-554 
39146 
88788 
38-330 
37-923 


1-1867 
1-1846 
1-1822 
1-1802 
1-1782 
11762 
1-1741 
11721 


86-603 
86-107 
35-707 
35-310 
34-918 
34-617 
34-121 
38-724 


87-616 
37-108 
36-700 
36-292 
85-884 
86-476 
35 068 
34-660 
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TABLE lU,— Continued. 



Add 
of 120 
in 100. 


Specific 
GrsTity. 


Chlorine. 


Hydro- } 
cbtoric 
Oas. 


Add 
of 120 
in 100. 


Specific 
Qrayity. 


Chlorine. 


Hydro- 
chloric 
Gas. 


84 


1-1701 


88-328 


84-252 


42 


1-0838 


16-664 


17-126 


83 


1-1681 


82-931 


33-846 


41 


10818 


16-267 


16-718 


82 


1-1661 


82-535 


88-437 


40 


10798 


15-870 


16310 


81 


1-1641 


82136 


33-029 


89 


1-0778 


16-474 


16-902 


80 


1-1620 


81-743 


82-621 


38 


10768 


16-077 


15-494 


79 


1-1699 


81-343 


82-213 


37 


10738 


14-680 


15-087 


78 


1-1578 


30-946 


81-803 


36 


10718 


14-284 


14-679 


77 


1-1567 


80-650 


81-398 


35 


10697 


13-887 


14-271 


76 


1-1636 


80153 


30-990 


34 


10677 


18-490 


13-863 


76 


M516 


29-757 


80 582 


38 


1-0667 


18-094 


18-456 


74 


1-1494 


29-361 


30174 


32 


1-0637 


12-597 


18049 


73 


11473 


28-964 


29-767 


31 


1-0617 


12-300 


12-641 


72 


11452 


28-667 


29-359 


30 


1-0597 


11-903 


12-238 


71 


1-1431 


28171 


28-951 


29 


10577 


11-606 


11-825 


70 


11410 


27-772 


28 544 


28 


1-0567 


11-109 


11-418 


69 


1-1389 


27-376 


28136 


27 


1-0537 


10-712 


11010 


68 


1-1369 


26-979 


27-728 


26 


10517 


10-316 


10.602 


67 


1-1349 


26-683 


27-821 


25 


1-0497 


9-919 


10-194 


66 


1-1328 


26-186 


26-913 


24 


10477 


9-622 


9-786 


65 


1-1808 


25-789 


26-505 


23 


10457 


9126 


9-879 


64 


1-1287 


25-392 


26 098 


22 


10437 


8-729 


8-971 


63 


1-1267 


24-996 


25-690 


21 


1-0417 


8-332 


8-563 


62 


1-1247 


24-599 


25-282 


20 


1-0397 


7-935 


8-156 


61 


11226 


24-202 


24-874 


19 


1-0377 


7-538 


7-747 


60 


1-1206 


23-805 


24-466 


18 


1-0357 


7-141 


7-340 


69 


1-1185 


23-408 


24 058 


17 


1-0337 


6-745 


6-932 


68 


1-1164 


23812 


23-650 


16 


1-0318 


6-348 


6-624 


67 


1-1143 


22-615 


23-242 


16 


10298 


5-951 


6-116 


66 


11123 


22-218 


22-834 


14 


10279 


5 -664 


6-709 


65 


1-1102 


21-822 


22-426 


18 


1-0269 


6-168 


5301 


54 


11082 


21-425 


22-019 


12 


10239 


4-762 


4-893 


53 


1-1061 


21-028 


21-611 


11 


10220 


4-365 


4-486 


52 


11041 


20-632 


21-203 


10 


10200 


3-998 


4078 


51 


11020 


20-236 


20-796 


9 


1-0180 


3-571 


3 670 


60 


11000 


19-837 


20-388 


8 


1-0160 


3-174 


8-202 


49 


10980 


19-440 


19-980 


7 


1-0140 


2-778 


2-854 


48 


1-0960 


19 044 


19-672 


6 


10120 


2-381 


2-447 


47 


10989 


18-647 


19-166 


5 


1-0110 


1-984 


2-089 


46 


10919 


18-260 


18-767 


4 


1-0080 


1-688 


1-631 


46 


10899 


17 864 


18-349 


3 


1-0060 


1-191 


1-224 


44 


10879 


17-427 


17-941 


2 


1-0040 


0-796 


816 


43 


1-0869 


17060 


17-584 


1 


10020 


0-397 


0408 
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TABLE IV. 

Showing {he QuantUy of Anhydrous Pbtash (KO) in Solutions of 
different Specific Gravities {Dalton), 



Specific 


Potash 


Boiling- 


Specific 


Potanh 


Boiling- 


Qrarity. 


percent. 


point. 


Gr&Tity. 


per cent. 


point. 


1-63 


61-2 


829° 


1-38 


26-3 


229° 


1-60 


46-7 


290 


1-28 


23-4 


224 


162 


42 9 


276 


1-28 


19 5 


220 


1-47 


89-6 


265 


119 


]6-2 


218 


1-44 


36-8 


255 


115 


13- 


215 


1-42 


34-4 


246 


111 


9-6 


214 


1-89 


82-4 


240 


106 


4-7 


213 


1-86 


29-4 


234 


1 







TABLE V. 

Showing the Quantity of Anhydrous Soda [KaO) in solutions of 
different Specific Gravities (Dalton), 



specific 


Soda 


Boiling- 


Specific 


Soda 


Boiling- 


Gravity. 


per cent. 


point. 


Graylty. 


per cent. 


point. 


200 


77-8 


0? 


1-40 


29 


242° 


1-85 


63-6 


600 


1-36 


26 


236 


1-72 


53-8 


400 


1-32 


220 


228 


1-63 


46-6 


300 


1-29 


190 


224 


156 


41-2 


280 


1-23 


16-0 


220 


1-50 


36-8 


265 


1-18 


130 


217 


1-47 


^4 


255 


1-12 


9-8 


214 


1-44 


31 


248 


1-06 


4-7 


213 
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TABLE VI. 

Showing the Quantity ofAmmoniacal Gas (NH,) in Aqueous Solutions 

of different Specific Oraviiies {DaJUon). 



Specific 
Qravity. 


Grains of Ammonia 

in 100 grains of 

the liquid. 


Boiling- 
points. 


Volumes of gas in 

one Tolume of 

the liquid. 


•850 


85 3 


26° 


494 


•860 


82 6 


88 


456 


•870 


29^9 


50 


419 


•880 


27-8 


62 


882 


•890 


24 7 


74 


846 


•900 


22-2 


86 


811 


•910 


198 


98 


277 


•920 


17-4 


110 


244 


•930 


151 


122 


211 


•940 


12-8 


134 


180 


•950 


106 


146 


147 


•960 


8-3 


168 


116 


•970 


6-2 


178 


87 


•980 


44 


187 


58 


•990 


2-0 


196 


28 



TABLE VII. 

Showing the Quantity of Absolute Alcohol (C^H^OjHO) contained in 
Diluted Alcohol of different Specific Gravities [Fovmes)» 



Sp. Gr. at 60®. 


ercentage 
of real 
Alcohol. 


Sp Gr. at 60°. 


ercentage 
of real 
Alcohol. 


Sp. Gr. at 60°. 


ercentage 
of real 
Alcohol. 




At 




a< 




eu 


0-9991 


06 


0-9841 


10 


0^9716 


20 


0-9981 


1 


0-9828 


11 


0-9704 


21 


0-9965 


2 


0-9815 


12 


0-9691 


22 


9947 


8 


0-9802 


18 


0-9678 


28 


9980 


4 


09789 


14 


0-9665 


24 


0-9914 


5 


0-9778 


15 


09662 


25 


9898 


6 


0-9766 


16 


09638 


26 


0-9884 


7 


9753 


17 


9628 


27 


9869 


8 


0-9741 


18 


0-9609 


28 


0-9855 


9 


09728 


19 


9593 


29 
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TABLE Yll.'-Coniinned. 



Sp. Gr. at 60O. 


Percentage 

of real 

Alcohol. 


Sp. Gr. at 60°. 


Percentage 
of real 
Alcohol. 


Sp. Or. at 60°. 


Percentage 

of real 

Alcohol. 


0-9678 


30 


0-9090 


64 


8538 


78 


0-9560 


31 


0-9069 


56 


8508 


79 


0-9544 


32 


0-9047 


56 


08483 


80 


0-9528 


38 


0-9025 


57 


8469 


81 


09511 


34 


9001 


58 


0-8484 


82 


0-9490 


35 


0-8979 


59 


0-8408 


83 


0-9470 


86 


8966 


60 


08382 


84 


0-9452 


37 


0-8932 


61 


0-8357 


^-5 


0-9484 


38 


0-8908 


62 


8331 


86 


9416 


39 


8886 


63 


0-8306 


87 


0-9396 


40 


0-8863 


64 


0-8279 


88 


0-9876 


41 


08840 


65 


0-8264 


89 


0-9366 


42 


0-8816 


66 


8228 


90 


0-9386 


43 


08793 


67 


8199 


91 


0-9314 


44 


0-8769 


68 


08172 


92 


09292 


45 


0-8745 


69 


0-8146 


93 


0-9270 


46 


0-8721 


70 


8118 


94 


0-9249 


47 


0-8696 


71 


0-8089 


95 


0-9228 


48 


08672 


72 


0-8061 


96 


0-9206 


49 


08649 


73 


8031 


97 > 


0-9184 


50 


0-8625 


74 


8001 


98 


9160 


51 


0-8603 


75 


0-7969 


99 


9135 


52 


0-8581 


76 


0-7938 


100 


9113 


53 


0-8567 


77 
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TABLE VIII. 

Showing the Specific Gravities of mixtures of Ether and Alcohol in 

different proportions (Dalton), 



Specific 
Gravity. 


Ether. 


Alcohol i 
(sp.gr. 830). 


Specific 
Gravity. 


Ether. 
40 


Alcohol 
(sp. gr. 830). 


724 


100 





792 


60 


732 


90 


10 


1 804 


80 


70 


744 


80 


20 


' 816 


20 


80 


766 


70 


30 


i 828 


10 


90 


768 


60 


40 


; 830 





100 


780 


60 


60 


■ 
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LIST OF SALTS, ETC. 

WHICH MAT BB BXAHINBD TOB PBACTICB IN QUALITATIVI 

AHALTSIS (Part III). 



(a.) Simple SaUs, &c,j soluble in WcUer. 

Chloride of barium. Frotouitrate of mercury. 

Sulphate of soda. Perchloride of mercury. 

Muriate of ammonia. Acetate of lead. 

Sulphate of magnesia. Sulphate of copper. 

Chloride of calcium. Nitrate of silver. 

Nitrate of strontia. Phosphate of soda. 

Sulphate of chromium. Iodide of potassium. 

Sulphate of zinc. Biborate of soda. 

Sulphate of manganese. Nitrate of potash. 

Protosulphate of iron. Chlorate of potash. 

Perchloride of iron. Carbonate of soda. 

Sulphate of nickel. Arsenious acid. 
Nitrate of cobalt. 



(6.) Simple SaltSj ifc, insoluble in Watery but soluble in Acids, 

Carbonate of magnesia. Protoxide of lead. 

Phosphate of lime. Sulphide of antimony. 

Carbonate of baryta. Black oxide of copper. 

Metallic zinc. Carbonate of lime. 

Carbonate of strontia. Oxide of bismuth. 

Sulphide of iron. Metallic tin. 

(c.) Simple SaltSj i^c,y insoluble in Water and Acids, 

Sulphate of baryta. Silica. 

Sulphate of strontia. Chloride of silver. 

Chloride of lead. Silicate of lime. 

Sulphate of lead. Silicate of alumina. 
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(d.) Mixed Salts, ^c, soluble in Water. 



f Chloride of barium, 
Nitrate of potash. 

{Sulphate of zinc, 
Chloride of sodium. 

{Muriate of ammonia. 
Phosphate of soda. 

f Sulphate of copper, 
I Nitrate of cobalt. 

{Perchloride of iron, 
Sulphate of magnesia. 

Alum (double sulphate of alumina 
and potash). 

f Chloride of calcium, 
-! Nitrate of potash, 
( Muriate of ammonia. 

( Nitrate of lead, 
i Nitrate of cobalt, 
I Nitrate of strontia. 



( Sulphate of nickel, 
< Chloride of sodium, 
( Sulphate of magnesia. 

' Chlorate of potash, 
Biborate of soda. 
Muriate of ammonia, 
Arsenions acid. 

Nitrate of soda, 

Nitrate of lime. 

Nitrate of baryta. 

Nitrate of zinc, 

Nitrate of lead, 

Nitrate of copper. 

' Sulphate of potash, 
Phosphate of soda, 
Biborate of soda. 
Carbonate of ammonia, 
Chloride of potassium, 
Iodide of potassium. 
Nitrate of ammonia. 



(«.) Mixed Salts, S^c, insoluhle in Water j but soluble iji Acids, 



{Carbonate of magnesia, 
Sulphide of iron. . 

{Protoxide of lead, 
Phosphate of lime. 

{Carbonate of lime. 
Black oxide of copper. 

Brass. 

Oxide of bismuth, 
Sulphide of iron, 
Sulphide of antimony. 



Magnesian limestone. 

Iron pyrites. 

Copper pyrites. 

Argentiferous galena. 

German silver. 

Arsenical cobalt ore. 

The solid matter contained in 

sea, well, or river water. 
The portion of soils which is 

soluble in acids. 



(/. ) Mixed Salts, ffc, insoluble in Water and Adds. 



{Chloride of silver, 
Sulphate of baryta. 

( Silica, 

( Chloride of lead. 



Sulphate of lead. 
Silicate of alumina, 
Chloride of silver. 

The insoluble portion of soils. 

Slate. 

Siliceous minerals. 



GLOSSARY OP CHEMICAL TERMS.' 



Absorption, from absorbeoy to suck up ; the act of imbibiug a liquid. 
Acetic acid, from acetunij vinegar ; the acid contained in vinegar. 
Aeriform, from o^p, the air, and format a form ; having the form or 

properties of air. 
Affinity, from ad, to, and Jinis^ a boundary j relationship ; the force 

which causes particles of dissimilar kinds of matter to combine 

together, so as to form new matter. 
Albumen, -inous, from albumen, the white of an egg ; an important 

animal principle. The white of an egg consists chiefly of albumen 

and water, contained in a cellular tissue. 
AiiCOHOL, from an Arabic word ; the intoxicating principle of spirituous 

liquors. 
Alkali, a soluble body, with a hot caustic taste, which possesses the 

power of destroying or neutralizing acidity. The term is derived from 

the Arabic article, aZ, and kcdij the Arabic name of a plant, from the 

ashes of which one of the most important alkalies (potash) is obtained. 
Amalgam, from S/*a, together, and yajiko}, to marry; a term signifying'the 

union of any metal with mercury, which has the property of dissolving 

several of the metals. 
Amorphous, from d, not, and /(op^^, a form ; not possessing any regular 

form. 
Analogue, that which is the counterpart of another. 
Analogy, -ICAL, and -ous, from d^a, among, and ^Cyo^^ a relation or pro- 
portion ; a likeness or resemblance between things, with regard to 

their circumstances or effects. 
Analysis, from dva^ among, and Xiio), to loosen ) the separation of a sub- 
stance mto its component parts. 
Angle, from angulus, a corner ; the inclination of two straight lines 

to each other, which meet together, but are not in the same straight 

line. 
Anhydrous, from d, not, and iW«p, water ; containing no water. 
Antiseptic, from d^w, against, and orjjjrw, to putrefy; possessing the 

power of preventing or retarding putrefaction. 
Aqua Regia, i. e., Regal Water, a mixture of nitric and hydrochloric 

acids ; so called from its property of dissolving gold, which was held 

by the alchemists to be the king of the metals. 

^ Many of the definitions are taken almost verbatini from Danlell's ^' Chemical 
Philosophy." 
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Aqueo, from aqua, water ; when prefixed to a word, denotes that water 

enters into the composition of the substance which it signifies, as 

aqueo-sulphuric acid {HO,SO ). 
Athermanous, from d, not, and Oepfiog^ heat j that through which heat 

will not pass, is said to be athermanous. 
Atmosphere, from drudgj vapor, and aipaxpa, a sphere ; commonly used 

to denote the sphere of air which surrounds the globe. 
Atom,-iu, from d, not, and r^/ivw, to cut j a minute particle of matter, 

not susceptible of further division. 
Attraction, -iVE, from ady to, and ti^ahOj to draw; the tendency which 

bodies have to approach or unite with each other. 
Azote, from d, not^ and Wh^ life ] another name for nitrogen ; so called 

because it is incapable of supporting respiration. 

Barium, from Pap^s, heavy j the metallic base of baryta. 

Barometer, from ^apos, weight, and /xfrpoi/, a measure j an instrument 
for measuring the varying pressure of the atmosphere. 

Baryta, a compound of oxygen and the metal barium (BaO), possess- 
ing alkaline properties. 

Bibulous, from hihOj to drink ; that which has the property of drinking 
in, or absorbing, moisture. 

Boron, a dark, olive-colored elementary substance, obtained from 
boracic acid, insoluble in water, and a non-conductor of electricity. 

Bromine, from Pp^hos, a strong odor j an elementary liquid of a reddish- 
brown color and suflfocating smell ; in chemical properties, it strongly 
resembles iodine. 

Caloric, from calor, heat ; an imaginary fluid substance, supposed to 
be diffused through all kinds of matter, and the sensible effect of 
which is called hmL 

Capillary, &om capUlus, a hair, resembling, or having the form of 
hairs. 

Capsule, from capsula, a little chest ; a small shallow cup. 

Carbon, from carboj a coal ; the chemical name for charcoal. 

Caustic, from icatw, to burn ; possessing the power of burning. 

Chemistry,-ical, from an Arabic word, signifying the knowledge of 
the substance or constitution of bodies ; the science whose object is 
to examine the constitution of bodies. 

Chlorine, from x^<^p^s, green ; a greenish-colored gas, of a pungent suf- 
focating smell, and possessing chemical properties nearly allied to 
those of oxygen. 

Cleavage, Plane of, the plane in which crystals have a tendency to 
separate. 

Cohesion, from couy together, and hcereOf to stick ; the power which 
causes the particles of a body to cling together and resist separa- 
tion. 

Combustion, firom comhurOf to burn ; the disengagement of light and 
heat, which frequently accompanies chemical combination. 

Conduction, from corij together, and ducOj to lead j the power of trans- 
mitting heat or electricity, without change in the relative position of 
the particles of the conducting body. 
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CONGELATION; from cotij together, and geloy to freeze ; the process of 
freezing. 

Constituent, from constUuOf to put together ; that of which anything 
consists, or is made up. 

Contraction, from coHj together, and trahoyto draw ; the state of being 
drawn into a narrow compass, or becoming smaller. 

Convex, from con, together, and veho^ to carry ; curved outwardly, or 
protuberant. 

Corpuscular, from corpusj a body ; composed of, or relating to, atoms. 

Crystallography, from KpSaraWos, a crystal or ice, and ypd^w, to de- 
scribe ; the science which treats of crystals. 

Crystallization ; the formation of crystals during the passage of cer- 
tain substances from a fluid to a solid state. 

CuBE,-ic ; a solid figure contained by six equal squares. 

Cyanogen, from K^avos^ blue, and yewaa, to produce ; a colorless gas 
composed of carbon and nitrogen (G^N). Its chemical properties 
much resemble those of oxygen and chlorine ; it derives its name 
from the circumstance of its entering into the composition of Prus- 
sian blue. 

Cyanide ; a compound of cyanogen with a metal is called cyanide, as 
cyanide of potassium (K,C2N). 

Decomposition ; the resolution of a compound substance into its com- 
ponent parts. 
Decrepitation, from dJc, from, and a^epiio, to crackle j the crackling 

noise which certain salts mskke when heated, usually caused by the 

sudden escape of water. 
Deflagration, from deflagro, to burn ; burning. 
Deliquescence, from ddiqueo, to melt ; a gradual melting or dissolving, 

caused by the absorption of water from the atmosphere. 
Density, firom densus, thick ; vicinity or closeness of particles ; specific 

weight. 
Deoxidize ; to deprive of oxygen. 
Detonation, from detonoj to thunder ; explosion accompanied with 

noise. 
Diaphanous, from 6t€if through, and <paiv(o, to shine ; that which allows 

a passage through to the rays of light, but disperses them so as to 

prevent direct vision. 
DiATHERMANOUS, from Std, through, and dep/(df,heat ; that through which 

heat will pass, is said to be dtatTiermanous, 
Dimorphous, from dUf twice, and nop<pfi, a form ; having two distinct 

crystalline forms. 
Disintegration, from disj meaning separation, and iniegerj whole ) a 

complete separation of particles. 
Distillation, a separation drop by drop ; the precess by which a fluid 

is separated from another substance by first being converted into 

vapor, and afterwards condensed drop by drop. 
Dodecahedron, from SwScKa^ twelve, and ?(Jpa, a base or side; a solid 

figure contained by twelve equal sides. 

Ebullition, from ebuUio. to boil ; the act of boiling. 

24* 
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Effervescence ; the escape of bubbles of gas formed in a liquid, as 

when marble is decomposed by hydrochloric acid. 
Efflorescence, from effloresco, to blow as a flower ; the formation of 

small crystals on the surfaces of bodies, in consequence of the 

abstraction of water from them by the atmosphere. 
Electricity, from h\tKTpov, amber ; the name of a power of matter, 

which produces a variety of peculiar phenomena, the first of which 

were observed in the mineral substance called amber; the laws, 

hypotheses, and experiments by which they are explained and illus- 
trated constitute the science of electricity. 
Electrode, from fiXtKrpov^ electricity, and Wdj, a way ; the point at 

which an electric current enters or quits the body through which it 

passes. 
Electrolysis, -lyte, from f}Xf*rpoi/, electricity, and Xi>w, to loosen; the 

act of decomposing bodies by electricity. 
Element, from eUmentumy an element ; that which cannot be resolved 

into two or more parts, and contains but one kind of ponderable 

matter. 
Empyreumatic, from £v, in, and »rwp^ fire ; having the taste or smell of 

burnt animal or vegetable substances. 
Endosmose, from tv5ov, within, and oxr^j;, the act of pushing; a flowing 

from the outside to the inside. 
Equivalent, from cequusj equal, and vcUeOf to be worth ; equal in value, 

or in the power of combining with other substances. 
Evaporation, from c, out, and vapory vapor ; the conversion of a liquid 

into vapor. 
ExosHOSE, from i^ay, without, and uajidg, the act of pushing ; a flowing 

from the inside to the outside. 
Expansion, firom expando, to open out ; the enlargement or increase in 

the bulk of bodies, which is produced by heat. 
Experiment, from experior j to attempt, to try; something done in order 

to discover an uncertain or unknown eflFect. 
Explosion, from ex, out, and plandOf to utter a sound ; a sudden expan- 
sion of an elastic fluid, with force and a loud report. 

Fermentation, from fermentumj that which is light and puffy ; origi- 
nally applied to the process by which alcohol is formed in saccharine 
liquids. 

Ferruginous, ivomferrum, iron ; belonging to, or resembling, iron. 

Filter, a strainer. 

Fluorine, from ^«o, to flow; an elementary principle contained in fluor 
spar, which is so called from its acting as a flux in the working of 
certain minerals. 

Flux, from fiuo, to flow; that which itself readily melts when heated, 
and assists in the fhsion of other substances when mixed with it. 

Focus, from focus^ a fire-place ; a point in which a number of rays of 
light or heat meet, after being refracted or reflected. 

Gas, a permanent aeriform fluid. 

Gelatinous, from gdoj to freeze ; resembling jelly. 
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Gratitt, from gravis, heavy ; the natural tendency of bodies to fall 

towards a centre, usually the centre of the earth. 
Gravity, Specific ; the relative gravity or weight of a body, considered 

with regard to an equal bulk of some other body, whicli is assumed 

as a standard of comparison. 

Heterogeneous, from Sfrepos, different, and yhos, kind ; different in nature 
and properties. 

Homogeneous, from 6/idf, like, and ykvoi, kind ; alike in nature and pro- 
perties. 

Hydrate, from f^cop, water; any substance which contains water che- 
mically combined. 

Hydrogen, from vitop, water; and y«'i/aa>, to produce; an inflammable, 
colorless, and aeriform fluid ; the lightest of all known substances, and 
one of the elements of water. 

Hydro ; when prefixed to the name of a chemical substance, denotes 
that hydrogen enters into the composition of the substance which it 
signifies. 

Hydrostatics, from Utap, water, and o-rards, poised; the branch of Natu- 
ral Philosophy which treats of the pressure and equilibrium of non- 
elastic fluids, and also of the weight, pressure, &c., of solids immersed 
in them. 

Hypo, from in-d, under; when prefixed to a word, denotes an inferior 
quantity of some ingredient which enters into the composition of 
the substance which it signifies. 

Hypothesis, from imdj under, and rro*?/*', to place ; a principle supposed, 
or taken for granted, in order to prove a point in question. 

Ignite, from ignis, fire ; to heat a substance to redness ; to set on fire. 
Imponderable, from in, not, and pondero, to weigh ; that which has no 

perceptible weight. 
Incandescent, from incandesco, to gro\«r white ; white or glowing with 

heat. 
Increment, from incresco, to increase ; the quantity by which anything 

increases or becomes greater. 
Induction, electrical, from in, to, and duco, to lead ; the effect pro- 
duced by the tendency of an insulated electrified body, to excite an 

opposite electric state in neighboring bodies. 
Inertia, from inertia, inactivity ; the disposition of matter to remain in 

its state of rest or motion. 
Inflammable, from in, a,nd Jlamma, a flame ; capable of burning with 

a flame. 
Insulation, from insula, an island ; when a body containing a quantity 

of free heat or electricity is surrounded by non-conductors, it is said 

to be insulated. 
Interstices, from interstitium, a break or interval ; the unoccupied 

spaces between the molecules of bodies. 
Iodide ; a compound of iodine and a metal. 
Iodine, from Toy, a violet, and elSosj the form or likeness ; a soft opaque 

elementary substance, which, when heated, sublimes in the form of a 

violet-colored vapor. 
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Isomeric, from tvog, eqaal, and nipof, a part ; substances which consist 
of the same ingredientis, in the same proportions, and yet differ 
essentially in their properties, are called isomeric, 

Laminj^, from laminay a thin plate ; extremely thin plates, of which 

some solid bodies are composed. 
Leyigation, from loevis^ smooth ; the reducing of hard bodies to a very 

fine powder, by grinding with water. 
LiGNiN, from lignuniy wood ; an organic principle of which the fibres of 

vegetables are mainly composed. 
Litmus, a blue pigment obtained from the lichen rocceUa ; it is a most 

delicate test for acids, which turn it red. 

Malleable, from malleus, a hammer ; that which is capable of being 
spread out by hammering. 

Metallurgy, from^iraXXov, a metal, and ipyov, a work; the art of work- 
ing metals, and separating them from their ores. 

Molecules, -ar, a diminutive from moles j a mass : the infinitely small 
material particles, of which bodies are conceived to be aggregations. 

Mucilaginous j resembling mucilage or gum. 

MuREXiDE, from murexj a fish affording a purple dye ; a beautiful pur- 
ple compound, resulting from the decomposition of uric acid by means 
of nitric acid. 

Nascent, from nascor, to be born ; in the moment of formation. 

Nitrogen, from virpov, nitre, and ycvi/dw, to produce ; a colorless ele- 
mentary gas, devoid of taste and smell ; it is one of the constituents 
of the atmosphere, and also of nitric acid, from which latter circum- 
stance it derives its name. 

Nitrogenous ; containing nitrogen in combination. 

Nucleus, from nucleus, a kernel ; the central parts of a body, which 
are supposed to be firmer, and separated from the other parts, as the 
kernel of a nut is from the shell ] also, the point about which matter 
is collected. 

OcTOHEDRONf -AL, from dicru, eight, and lipa^ a side ; a solid figure con. 

tained by eight equal and equilateral triangles. 
Olefiant gas, from oleum, oil, and fio, to become ; a colorless gas, 

composed of carbon and hydrogen (C^HJ, which derives its name 

from its property of forming an oil-like liquid with chlorine. 
Organic matter, from Spyavov, an organ ; matter of which the organic 

parts or juices of plants and animals are composed, or which is 

derived from such parts by the action of chemical agents, is called 

organic. 
Oxide ; a compound of oxygen with a metal or non-metallic body, not 

having acid properties. 
Oxidize ; to combine with oxygen. 
Oxygen, from df^, acid, and yewda, to produce ; a colorless elementary 

gas, which was formerly supposed to be the universal acidifying 

principle. 
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Pellicle, a diminutive trom peUis, a skin or crast ; a thin crust formed 

on the surface of a solution bj evaporation. 
Percolate, from per^ through, and colo, to strain; to strain through. 
Permeate, from permeOj to pass through j to penetrate. 
Phenomenon, from <paivonaif to appear ; an appearance which is more or 

less remarkable. 
Philosophy; from ^iXiw, to love, and <ro^fa, wisdom; the study or 

knowledge of nature or morality, founded on reason and experience ; 

the word originally implying ** A love of wisdom." 
Phlogiston, from ^Aeyw. to bum ; a name given by the older chemists 

to an imaginary substance, which was considered as the principle of 

inflammability. 
Phosphorus, from ^wy, light, and 0^p«. to produce ; a highly inflam- 
mable elementary substance, obtained from calcined bones, which 

emits light when placed in the dark, owing to its undergoing a slow 

combustion. 
Pettsics, -ical, from 0^<«ff, nature ; the science of natural bodies, their 

phenomena, causes, and effects, with their affections, motions, and 

operations. 
Pneumatics, from wsisiia, air; that branch of Natural Philosophy which 

treats of the weight, elasticity, and other properties of aeriform fluids. 
Polarity ; the opposition of two equal forces in bodies, similar to that 

which confers the tendency of magnetized bodies to point towards the 

magnetic poles. 
Polarized light ; light, which by reflection or refraction at a certain 

angle, or by refraction in certam crystals, has acquired the property 

of exhibiting opposite effects in planes at right angles to each other, 

is said to be polarized. 
Pores, from vSpos^ a passage ; the small interstices between the solid 

particles of bodies. 
Precipitation, from prcedpitOj to fall suddenly ; the formation and 

separation of a solid substance in a liquid. 
Product, from pro, forth, and duco, to draw ; anything formed from the 

elements of another by an operation. 
Pyro, from vvp, fire ; when prefixed to a word, denotes that the substance 

which it signifies, has been formed at a high temperature. 

Qualitative ; regarding the properties of a body, and the kinds of 

matter of which it is composed without reference to quantity. 
Quantitative ; regarding quantities. 

Radiation, from radius, a ray ; the shooting forth in all directions 

from a centre. 
Rarefaction, from raruSj rare, andyocio, to make ; the act of causing 

a substance to become less dense ; it also denominates the state of 

this lessened density. 
Rectification ; the process of drawing anything off by distillation, in 

order to obtain it in a state of greater purity. 
Refraction, from re, back, SLudfranf/Oj to break, the deviation of rays 

of light or heat from their direct course, when passing through media 

of different densities. 
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Refrigeration^ from re, again, &n6.fn(/iiSj cold ; the act of cooling. 
Repulsion, from re, back, and peUoj to diive ; that property in certain 
bodies, whereby they mutually tend to recede from each other. 

Salifiable bases, from salj salt, and^o, to become ; bodies capable of 
combining with acids, to form salts. 

Sapid, from sapio, to taste of; possessing the power of exciting the 
organs of taste. 

Saturation, -ated, from satur, full ; the solution of one body in another 
until the receiving body can contain no more. A solution is said to 
be saturated with an acid or an alkali, when the latter is added in suffi- 
cient quantity to render it neutral, and supersaturated when the point 
of neutrality has been exceeded. 

Solution, from solvOy to loosen or melt ; any liquid which contains 
another substance dissolved in it. 

Solvent, any substance which will dissolve another. 

Specific, from species^ a particular sort or kind ; that which denomi- 
nates any property which is not general, but is confined to an indi- 
vidual or species. 

Specific gravity ; see Gravity, specific. 

Sublimation, from suhlimis, high ; the act of raising into vapor by 
means of heat, and condensing in the upper part of the vessel. 

Sulphide ; a combination of a metal with sulphur. 

Supersaturate j see Saturation. 

Ternary, from ter, thrice ; containing three units. 

Tetrahedron, from ricmapes, four, and iSpa, a base or side ; a solid figure 

contained by four equal and equilateral triangles. 
Transparent ; a term to deqcte the quality of a substance which not 

only admits the passage of light, but also of the vision of external 

objects. 
Triturate, from trituro, to thresh ; to reduce to powder. 

Vacuum, from vacuus, empty; a space empty, and devoid of all matter. 
Volume, from volumen, a roll ; the apparent space occupied by a body. 

Weight ; the pressure which a body exerts vertically downwards, in con- 
sequence of the action of gravity. 

Zero ; the numeral 0, which fills the blank between the ascending and 
descending numbers of a series. 



INDEX. 



A. 

Acetate of lead, reasent, 

Acid, acetic, action of reagents on, . 

impurities in, 
arsenious, action of reagents on, 
arsenic, 

benzoic, action of reagents on, 
boracic, action of reagents on, 

detected, 
carbonic, action of reagents on, 

detected, 
chloric, action of reagents on, 

detected, 
citric, action of reagents on, 
formic, action of reagents on, 
hydriodic, action of reagents on, 

detected, 
hydrochloric, action of reagents on, 

uses of, . 

impurities in, 

detected. 

Table of specific gravities of, 
hydrofluoric, . . . . 

hydrosulphuric, action of reagents on 

apparatus for, 
preparation of, 
uses of, 
detected, 
malic, action of reagents on, . 
nitric, action of reagents on, 

uses of, . 

impurities in, 
nitric, detected. 

Table of specific gravities of, 
nitrohydrochloric, 
oxalic, action of reagents on, 

impurities in, . 
phosphoric, action of reagents on, 

detected, . 
silicic, action of reagents on, 
detected. 
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175, 197 
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. 143 

235 
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175, 180, 197 
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. 145 
54 
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174, 179, 195 
154 

. 147 
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175, 197 

. 256 
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. 150 
238 
138 

175, 180, 196 

142 
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Acid, succinic, action of reagents on, . 
sulphuric, action of reagents on, 
estimation of, . 
uses of, . 

impurities in, . . • 

detected, .... 

Table of specific gravities of, 
tartaric, action of reagents on, 
impurities in, . 
uses of, . . • , 

for Alkalimetry, .... 

Acidimetry, ...... 

Acids, classification of, . 

inorganic, action of reagents on, 
organic, action of reagents on. 
Alcohol, . . ,m • . 

Table of specific gravities of. 
Alkalies, action of reagents on. 
Alkalimetry, ..... 

Alkaline earths, action of reagents on. 
Alumina, action of reagents on, . 
blowpipe test for, 
detected, .... 

Ammonia, action of reaj^ents on, 

distillation oi, ... 

impurities in, ... . 

uses of, .... 

detected, . . 

Table of specific gravities of, 
carbonate, ..... 

hydrosulphate, 
muriate, formation of, . 
oxalate, uses of, . . 

Ammoniacal gas, prepared and experimented with, 
Ammonio-nitrate of silver, . 
Ammonio-sulphate of copper. 
Ammonium and platinum, double chloride of, 
Analysis of simple soluble salts, 

simple salts, soluble in acids, 

simple insoluble salts, 

mixed soluble salts, . . 

mixed salts, soluble in acids, 

mixed insoluble salts, 

sulphate of copper, 

chloride of potassium, 

mixture of sulph. copper and chlor. sodium 

mixture of sulph. zinc and carb. baryta, 

magnesian limestone, 

copper pvrites, 

gunpowder, .... 

carbonates, .... 

Annealing glass, ..... 

Antimony, oxide of, action of reagents.on, 
distinguished from arsenic, 
detected, .... 

Antimoniate of potash, .... 

Antimonic acid, action of reagents on, . 
Antimonious acid, action of reagents on, 
Antimoniuretted hydrogen, 
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219 

234 

234 

, 195 

255 

152 

239 

239 

77 

79 

86 

136 

149 

252 

260 

88 

76 

93 

103 

103 

,191 

91 

45 

240 

240 

73, 194 

260 

241 

240 

39 

241 

38 

250 

249 

92 

168 

176 

181 

183 

197 

202 

219 

220 

222 

224 

226 

229 

73 

83 

51 

123 

120 

70, 188 

245 

271 

270 

125 
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Apparatus cleaned, 
labelled, 
Apothecaries* weight. 
Aqua Regia, .... 
Arsenic, oxides of, action of reagents on, 
reduction test for, . 
Marsh's test for, . • 

Reinsch's test, 
detected, . . . . 

detected in organic mixtures, 
precautions respecting, 
sulphide, 

distinguished from antimony, 
Arsenious acid, crystals of, . 
Arsenic acid, . . . . 

Arseniuretted hydrogen, • 



. 21 
20, 185 
. 253 

236 
. 114 

115 
. 117 

121 
170, 187 

123 
114, 118 

116 
. 121 

115 
. 122 

117 



B. 



Balance, 

Barium, chloride, . 

Baryta, detected, 

action of reagents on, 
estimation of, . 
nitrate, 
oxalate, 
sulphate, . 
Bases, classification of, 
Bath, oil, . 
saline, 
water, 
Beale*s furnace. 
Bending glass. 

Benzoic acid, action of reagents on, . 
Bichloride of platinum, 
Binoxide of nitrogen, prepared and experimented with 
Bismuth detected, ..... 

oxide, action of reagents on, 
Black flux, . 
Blowpipe flame, 

Mouth, how used, 

experiments with. 
Water, . 
Boiling>points of saline solutions, 
Boracic acid, action of reagents on, 

detected. 
Borax, .... 
Bromic acid, action of reagents on. 
Bulbs, glass, made. 
Burning filters. 



205 

248 



r 



175 



73, 193 
98 
225 
248 
100 
99 
86 
215 
215 
214 
217 
51 
155 
251 
30 
169, 188 
135 
. 251 
49 
57 
57 
48 
215 
. 140 
, 180, 196 
246 
272 
55 
212 



C. 



Cadmium, oxide, action of reagents on, . 
Calcium, chloride. 
Calculation of results in analysis. 
Calomel, behavior with reagents. 
Caoutchouc connectors, how made, 

25 



265 
248 
218 
125 
72 
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Carbonate of ammonia, uses of, 

impurities in, 
potash, impurities in, 
soda, impurities in, 
fusion with. 
Carbonates, analysis of. 
Carbonic acid, action of reagents on, 
detected, 

prepared and experimented with, 
substances heated in, . 
in carbonates, estimated, . 
oxide, prepared and experimented with. 
Charcoal support, . . ... 

specific gravity of, . 
Chemical equations, 
equivalents, 
symbols, 

terms. Glossary of. 
Chloric acid, action of reagents on, 

detected. 
Chloride of barium, 

calcium, .... 
Chlorine, estimation of, . 

generated, .... 
Chromate of potash. 
Chromic acid, action of reagents on. 
Chromium, oxide, action ot reagents on, 

detected, . . . 

Dichroism of its compounds, 
Citric acid, action of reagents on. 
Classification of bases and acids, 
Cleaning apparatus, 
Cleanliness, importance of. 
Cobalt, oxide, action of reagents on, 
detected, . 
nitrate. 
Copper, oxide, action of reagents on, 
ammonio-sulphate, . 
arsenite, . 
detected, 
estimation of, 
hydrated oxide, 
pyrites, analysis of, 
sulphate, analysis of, 
a reagent, 
Cork boring, . 
Cork, specific gravity of. 
Crucible-jacket, 
Crucible, platinum. 
Crystals of arsenious acid , 

tin, 
Cupellation with the blowpipe. 
Cyanide of potassium. 
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172 



241 
241 
243 
246 
202 
83 
140 
174, 195 
27 
73 
83 
32 
60 
67 
19 
14 
14 
279 
148 
175,197 
248 
248 
221 
74 
244 
271 
103 
, 178, 191 
103 
153 
86 
21 
20 
112 
, 178, 191 
249 
. 130 
249 
. 117 
170, 189 
219, 222 
131 
. 229 
219 
. 249 
71 
. 67 
216 
182, 215 
115 
. 135 
63 
. 245 



D. 



Decantation of gases, 

washing precipitates by. 



26 
212 



Deflagraring: spoon. . 
DssiccBlion in vbcuo. 
Dichroism of sbIib of clirominm, 
Discolorslion ofglua, remoTsd, 
IMslillntionofBmnionia, 

h^drocbloric acid, 






Double lill«n, 

Dropping-boiile, 

Drying, 



!, Table of specific grafilieB of, 

Bvaporalion, . . . ■ 

Ezperimems wiih the moDib blowpipe, 



Farridcyanide of potsaaiuni, ..... S43 

FarracyaDJde of potaasium, ...... S4S 

Farracyanogen, . . . . 108 

Fillers, burning of, ....... 213 

ashes eaiimated, ...... S13 

moiateited 43, 208 

folded, 43,206 

double 211 

Filtering hoi Bolntions, ...... 210 

Fillering-bloeks 80, 209 

Fillering-ring, ....... 208 

FlItrBiion. 20B 

Flame, Oiidizing and redacing, ..... 49 

Flaska, Dses of, 206 

formic Bcid, action of resgenu on, ..... 1S7 

French Woighla and Meneures, SM 

Funnels, 308 

Furnace, Hardwich and Beale's 817 

Foaion with carbonale of soda, ..... S02 



Gaa. aromoniacal, prepared and eiperiineuied with, . 

Caa and air. miilure of, . 

hydrochloric acid, prepared and experimenied wiih, 

Osseous manipulation, ..... 

Gases, dried. ...... 

soluble, preparation of, .... 

iransferred, ..... 

Gasholder, Popy't, ..... 
(rnneral rnles. ...... 
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Glass, annealed, 

bending of, 

bulbs made, 

rods joined, 

stirrers made, . 

syphon made, 

tube heated, 

hermetically sealed, . 

tubes joined, . 
61ass>working, 
Glasses cleaned, 

precipitating. 
Glossary of chemical terms, . 
Glucina, action of reagents on, . 
Gold, perchloride, 

oxide, action of reagents on, 
Gravity, specific ; see Specific gravity, 
Gunpowder, analysis of, 



51 

51 

55 

50 

49 

51 

50 

55 

53 

48 

21 

207 

279 

256 

251 

256 

73 



H. 

Handles of paper for tubes, . 
Hardwich's furnace, 
Heating in gases, . 

substances in carbonic acid, 
Hydrated salts, estimation of water in, 
Hydriodic acid, action of reagents on, 

detected, 
Hydrobromic acid, action of reasents on, 
Hydrochloric acid, distillation of, 

uses of, 

action of reagents on, 
impurities in, 
detected. 
Table of specific gravities of, 
gas, prepared and experimented with, 
Hydrocyanic acid, action of reagents on. 
Hydrofluoric acid, action of reagents on, 
Hydrogen, prepared and experimented with, 

reduction of metallic oxides in, 
Hydroselenic acid, action of reagents on, 
Hydrosulphate of ammonia, .... 
Hydrosulphuric acid, preparation of, . 

action of reagents on, 
uses of, . 
detected, 

apparatus, tubes prepared, 
Hyposulphuric acid, action of reagents on, . 
Hyposttlphurous acid, action of reagents on, • 
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. 217 

70 

. 73 

220 

. 144 

174, 175 

. 273 

44 

. 235 

143 

. 235 

175, 179, 197 

. 257 

36 

. 273 

273 

25 

70 

. 273 

240 

. 236 

145 

. 238 

174, 179, 195 

54 

273 

. 273 
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Ignition, .... 

Imperial measure, . 

Indian rubber connectors, made. 

Indigo sulphate, . 

Inorganic acids, action of reagents on. 
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Iodic acid, action of reagents on, 

Iodide of potassium, . 

Iodine detected, . 

Iridium, oxide, action of reagents on, 

Iron,^detected, 

'estimation of, . 
perchloride, prepared, 

uses of, 
peroxide, action of reagents on, 
protoxide, action of reagents on, 



. 273 

244 
174, 175, 180, 197 

266 

70, 171, 178, 190 
226,231 
. 74 

249 
. 109 

107 



Jacket, crucible. 

Jet, specific gravity of, 

Joining glass tubes. 



J. 



216 
66 
53 



L. 

Labelling, necessity of, . 
Lamp, gas, 

mixture of gas and air, 
Rose*s, 
Solly's, . 
Lead, oxide, action of reagents on, . 

detected, 

acetate, . 

chloride, 

chlorosulphide, . 

chromate, . 

iodide, . 

phosphate, . 

subacetate, 

sulphate. 
Lime, action of reagents on, . 

water, 

estimation of, . 

detected, 

carbonate, decomposed by heat, 

oxalate, 

phosphate, 

sulphate. 
Liquids, heated in tubes, 

hermetically sealed in tubes, 
preliminary examination of, 
Lithia, action of reagents on, 



20, 185 

216 
. 216 

217 
. 217 

128 
169, 186. 189 

249 
. 130 

130 
. 130 

130 
. 138 

249 

. 129 

96 

. 247 

227 
172, 193 

61 

. 98 

98 

97, 244 

92 

55 

165 
. 266 



M. 



Magnesia, action of reagents on, 

blowpipe test for, 

estimation of, 

ammonio-phosphate of, 

detected, . 
Magnesian limestone, analysis of. 
Malic acid, action of reagents on. 
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. 96 

228 

95 

172, 193 

. 226 

154 
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ManganesOi protoxide, action of reagents on, 
blowpipe test for, 
detected, 
Manganic acid, action of reagents on, 
Marble, specific gravity of, 
Marsh's test for arsenic, 
Measures, Imperial, ... 

weight of water contained in 
cubic inches contained in. 
Mercury, protoxide, action of reagents on, . 
peroxide, action of reagents on, 
detected, .... 
perchloride, reagent, . 
V red oxide, deconaposed by heat, . 
periodide. 
Metallic oxides, action of reagents on, 
Method, importance of, . 
Microcosmic salt, .... 
Molybdenum, oxide, action of reagents on, 
Molybdic acid, action of reagents on. 
Mouth blowpipe, how used, 

experiments with, . 
Muriate of ammonia, formation of. 



. 106 
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172, 178, 191 

271 

66 

• 117 

. 253 

253 

. 254 

125 

127 

169, 170, 186, 189 
. 250 
59 
. 128 
88 
19 
241 
. 267 
271 
. 57 
58 
39 



N. 

Nickel, oxide, action of reagents on, 

detected, . 
Nitrate of baryta, 
cobalt, . 

potash, impurities in, 
silver, impurities in. 
Nitric acid, distillation of, 
uses of, 

action of reagents on, 
impurities in, . 
detected, . , 

Table of specific gravities of. 
Nitrogen, binoxide of, prepared and experimented with. 
Nitron jrdrochloric acid, ..... 
Notes, importance of making, 
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172, 178, 192 
248 
. 249 
243 
. 250 
46 
. 236 
147 
. 235 
176, 197 
. 256 
30 
. 236 
19, 160 



O. 

Oil bath, ..... 
Olefiant gas, prepared and experimented with. 
Organic acids, action of reagents on, 

mixtures, detection of arsenic in, . 
Osmium, oxide, action of reagents on, . 
Oxalate of ammonia, uses of. 
Oxalic acid, action of reagents on, 

impurities in, . 
Oxidizing flame, .... 
Oxides, metallic, reduced by hydrogen, 

action of reagents on, . 
Oxygen, prepared and experimented with, . 
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241 

150 

238 

49 
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p. 

Palladium, oxide, action of reagents on, 
Pepys' gasholder, 

Perchloric acid, action of reagents on, 
Perchloride of ^oid, . . ' . 

of iron, prepared, 
a reagent, 
of mercury, . 
Phosphates, earthy, detected, 
Phosphate of soda, 

of soda and ammonia. 
Phosphoric acid, action of reagents on, 

detected, ..... 176 
Phosphorous acid, action of reagenls on, 
Platinum, oxide, action of reagents on, 
bichloride, 
crucible, . 
Pneumatic trough, . 
Potash, action of reagents on, . 
uses of, . 
detected, 
impurities in. 

Table of specific gravities of, 
antimoniate, 
bitartrate, 
carbonate, 
chromate, 
nitrate, 
red prussiate, 
yellow prussiate, . 
Potassium, estimation of, 
cyanide, 
ferridcyanide, 
ferrocyanide, . 

iodide, .... 

and platinum, double chloride of, 

Precipitating-glasses, .... 

Precipitates, crystalline, precautions respecting 

dried, .... 

filtered, 

washed, .... 
Precipitation, precautions respecting, . . . .89 

Preliminary examination of solids, . 

liquids, 
Protochloride of tin, .... 
Prussian blue, .... 
Prussiates of potash, .... 
Pulverization, .... 
Pyrites, copper, quantitative analysis of, 

Q. 

Qualitative analyses of simple soluble salts, 

sails, soluble in acids, 
insoluble salts, 
of mixed salts, . 

soluble in water, 
soluble in acids, 
insoluble in water and acids, 
list of salts for practice in, . 



. 268 

24 

. 273 

251 

. 74 

248 

. 250 

178, 199 

. 246 

241 

. 138 

180, 196 

. 274 

268 

. 251 

182, 215 

. 27 

88 

. 242 

173, 194 

. 242 

259 

. 245 

89 

. 243 

244 

. 243 

245 

. 245 

220 

. 245 

245 

. 245 

244 

89 

207 

89 

211 

. 207 

209 

184, 207 

160 

. 165 

250 

. 110 

245 

. 204 

229 



168 
176 
181 
183 
185 
197 
202 
277 
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Quantitative analysis, ....••. 203 

operations in, . . . • • 204 

of sulphate of copper, . . . . 219 

of chloride of potassium, .... 220 

of a mixture of sulph. copper, and chlor. sodium, 222 

of sulph. zinc and carb. baryta, . . 224 

of niagnesian limestone, . • * • . 226 

of copper pyrites, . • . • 229 



R. 



Reagents, use of, . 

described, . 
Reducing flame, . 
Reduction test for arsenic, 
Reinsch*8 test for arsenic, . 
Results, calculation of. 
Rhodium, oxide, action of reagents on. 
Rods, glass, cut, 

joined, 
stirring, made, . 
Rose's lamp, 
Rules, general, 



85 

233 

49 

115 

121 

218 

268 

50 

50 

49 

217 

19 



S. 

Saline baths, .... 

Salts, estimation of water in, 

Table showing the solubility of, . 

for practice in qualitative analysis, 
Selenic acid, action of reagents on, 
Selenious acid, action of reagents on. 
Silicates, fusion with carbonate of soda, 
Silicic acid, action of reagents on, 

detected, 
Silver, oxide, action of reagents on, 

detected, . 

ammonio-nitrate, 

chloride, 

nitrate, . 

phosphate, . 
Soda, action of reagents on, . . 

detected, 

Table of specific gravities of, 

antimoniate, 

biborate, 

carbonate, . 

phosphate, 
Sodium, estimation of, . 
Solids, preliminary examination of, 
Solly's Lamp, 

Soluble gases, preparation of. 
Solution, . . . 

Solutions, saline, boiling-points of, 
Specific gravity of solids, . 

lighter than water, 
insoluble powders, . 
liquids, 



215 

220 

263 

257 

274 

274 

202 

142 

175, 178, 196 

132 

169, 186 

250 

132 

250 

139 

90 

173, 195 

259 

91 

247 

246 

246 

223 

160 

217 

36 

206 

215 

65 

66 

67 

68 
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Specific gravity, effects of temperature on, 
Stains on glass removed, 
Starch, solution of, 
Stirring-rods, made . 
Strontia, action of reagents on, . 
detected, 
blowpipe test for, 
Succinic acid, action of reagents on, 
Sulphate of copper, analysis of, . 

a reagent, 
of indigo, 
of lime. 
Sulphates, blowpipe test for. 
Sulphides, action of reagents on, 

detected, 
Sulphur, estimation of, 
Sulphuretted hydrogen, preparation of, . 

action of reagents on, 
apparatus, tubes prepared. 
Sulphuric acid, action of reagents on, 

detected, .... 
Table of specific gravities of, 
estimation of, . 
uses of, . 

desiccation over, . 
impurities in. 
Sulphurous acid, action of reagents on, . 
Symbols, chemical, .... 
Syphon tube, made, .... 



. 6$ 
49 
. 251 
49 
. 100 
173, 193 
. 101 
155 
. 219 
249 
. 251 
247 
. 137 
145 
179, 200 
230 
. 236 
145 
. 54 
137 
174, 180, 195 
255 
. 219 
234 
. 214 
234 
. 274 
17 
. 51 



T. 

Table, strength of Ammonia, 

Alcohol, .... 

Cther, .... 

Hydrochloric acid, . 

Nitric acid. 

Potash, .... 

Soda, . • . • 

Sulphuric acid, 
showing the action of reagents on oxides and acids 
boiling-points of saline solutions, . 
solubility of salts, 
Tartaric acid, action of reagents on, . 

uses of, .... 

impurities in, . 
Test-tubes, made, ..... 

cleaned, ..... 

Tin, detected, ...... 

protoxide, action of reagents on, 

peroxide, action of reagents on, 

protochloride, reagent, .... 

crystals of, .... . 

Trough, pneumatic, ..... 

Troy weight, .. 

Tube distillation, ...... 

glass, joined, ..... 
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256 
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259 
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. 151 

239 

. 239 

51 

22 

170, 188 

. 133 

134 
. 250 

135 
. 27 

253 

. 166 

53 
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Tubesi glass, hermetically sealed, 

for blowpipe experiments, • 
syphon, made, 

Tungstic acid, action of reagents on, 



• « • Od 

57 

51 

4 271 



Uranium, oxide, action of reagents on, • 
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V. 

Vanadic acid, action of reaji^ents on, . 
Vanadiam, oxide, action ofreagents on, . 



271 

269 



W. 



Washing-bottle, tubes for, 
Washing precipitates, 
Water, estimation of, in salts, 

formation of, 

distillation of, . 

impurities of, detected, 

distilled, 
Water blowpipe, . 
Water bath. 
Weighing, . 
Weights and Measures, Tables of, 

French, 
Wooden filtering-blocks, 
Working glass, 



54 

• 209 

220 

36 

40 

41, 252 

252 

48 

213 

. 205 

253 

. 254 

80,209 

. 48 



Y. 



Yttria, action ofreagents on. 
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Z. 



Zinc, oxide, action of reagents on, • 

detected, 

blowpipe test for, 

estimation of, . • 

Zirconia, action of reagents on, 



« 
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172, 178, 191 

105 

. 224 
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THE END. 
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BIAYNE (JOHN), M.D. — A Dispknsatort and Thkrapkutioal Remembrangib. Comprising 
the entire lists of Materia Medica, with erery Practical Formula contained in the thrM 
British Pharmacopoeias. In one 12mo. yolnme, extra doth, of orer 800 luxgo pages. 

HACKENZTE (W.\ M.D.— A Praotioal Treatise on Diseases and Injuries or the Ete. To 
which is prefixed an Anatomical Introduction, hy T. Wharton Jones. From the Iborth 
revised and enlarged London edition. With Notes and Additions hy Addinell Hewsott, 
M.D. In one very large and handsome octavo volume, with nomeroui wood-cuts and 
plates. 1028 pages, leatner, raised hands. (Just luued.) 

NEILL (JOHN), H.D., AND FRANCIS GURNET SMITH, M.D.— An Analytical Compendium 
or the various Branches or Medical Sciencx; for the Use and Examination of Students. 
Second edition, revised and improved. In one very large and handsomely printed royal 
12mo. volume of over 1000 pages^ with 860 illustrations on wood. Stxon^y bound in 
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volume, extra cloth, with splendid colored plates, presenting nei|>ly one hundred elsAxrra 
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PANOOAST (J.), M.D.— Operatite Surorrt; or, A Description and Demonstration of the 
▼arions Processes of the Art; induding all the New Opwations, and exhibiting the staA 
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of 380 pages of letterpress description and ei^ty large 4to. plates^ comprising 486 illus* 
trations. Second edition, improved. 

PARKER (LANGSTON).— Tm MoDBiN Treatment or STPHiLino Diseasib, both Pbimart and 
Sbcondart; comprising the Treatment of Constitutional and Confirmed Syphilis, by a saib 
and successful method. With numerous Gases, Formulae, and Clinical Observations. 
From the third and entirely rewritten London edition. In one neat oetavo volume. 



PEREIRA (JONATHAN), M. D.— The Elements or Materia Medioa and Therapeutics. Third 
American edition, enlarged and improved by the author; including Notices of most of the 
Medical Substances in use in the civilized world, and Ibrming an Encyclopaedia of Materia 
Medica. Edited, with Additions, by Joseph Carson, M. D., Professor of Materia Medica and 
Pharmacy in the University of Pennsylvania. In two very large octavo volumes of 2100 
pages, on small type, with over 460 illnstratiODS. (Now OompUU.) 

PARRIsn (EDWARDJ.— An Introduction to Practical Pharmact. Designed as a Text-book 
for the Student, and as a Guide for the Physician and Pharmaceutist. With many For* 
multe and Prescriptions. In one handsome octavo volume, extra doth, of 550 pagesL 
with 243 iUuBtrations. (Now Ready.) 

PEASELEE (R. R.), M. D.— Human Histoloot, in its Applications to Physiology and General 
Patholo07, designed as a Text4)oolc for Medical Students. With numerous illustrations. 
In one handsome royal 12mo. volume. (Preparing.) 

PIRRTE (WILLIAM), F. R. S. E. — ^The Principles and Practic^c or Suroert. Edited by John 
Neill, M. D., Demonstrator of Anatomy in the University of Penn^lvania, Surgeon to the 
Penniylvania Hospital, ate. In one very handsome octavo volume of 780 pages, with 816 
illustrations. 
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thoroughly revised by the author. With Additions by W. Y. Keating, M. D. In one large 
and handsome impexial octavo volume of 650 pages, strongly bound in leather, with raised 
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BOLLY (SAMUEL), F. R. S. — The Human Brain; its Struoiore, Phytidogy, axid DiaeMo^ 
Witb a Dewription of the Tvpieal Forms of the BraJxi in the Aphnal Kingdom. From the 
Second and m«oh enlarged London edition, fo one octayo rolume, with 120 wood^utK 



6CH<EDLEB (FRIEDRICH), Ps. J>.—Tem Book or Natuu; an Elementary Introdactioa to 
the Sdencee of Physics, Astronomy, Chemistry, Mineral(^^, Oeolbgy, Botany, Zoology, and 
Pbysiolof^. First American edition, with a Oloasa^ and otlier Additions and Impcove* 
ments; from the second English edition. Translated fronft the sixth German edition, by 
Uenry Medlock, F.C.S., Ac In one thick T^nme, small octavo, of about 700 pages, with 
679 Ulttstrationa on wood. Suitable for the higher eeboolfl and prirate itodemti. (iVow 
JSeadif.) 

TAYLOR (ALFRED S.), M. D., F. R. S.— Mbdioal Jurispritdknox. Fourth American, from the 
fifth ana ImproTed English edition. With Notaa and RAfdrences to American DeoisionSi 
hv Edward Hart8hom%M.IL In one large ootaTO rolume of 700 pages. (NowStaOp.) ' 



TAYLOR (ALFRED S.), M. D.— On PonoNB, IN Relation to Mkbioal Jubi8pbvi>encx and Medi- 
cine. Edited, with Notes and AdditiomSi, by B. £. OiifELth, M.D. In one large ootav* 
-volume of 088 pagee. 

TANNER (T. H.), M. D.— A Manual of Cunioal Mxdicins and Phtsioal DuoNons. To whidi 
is added. The Code of Ethics of the American Medical AsMdation. In one neat Tolumti 
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and Treatment. In one handsome volume^ large royal 12mo., 612 pages. 
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biutt; beinff the Result of an Extended Practical Inquiry into the Physiol(^cal and 
Morbid Conditions of the Uterus. Second American Edition. In one volume, octavo^ 868 
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